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ABSTRACT
BASIN ANALYSIS OF THE CARBONIFEROURS STRATA
IN CENTRAL AND SOUTHERN WEST VIRGINIA
USING SEQUENCE STRATIGRAPHIC PRINCIPLES
By Chaoqing Yang
This study was designed to analyze the perplexing Carboniferous stratigraphy in
the

study

area

using

a

sequence-stratigraphic approach

in

conjunction

with

lithostratigraphic and subsurface mapping methods.
A regional stratigraphic framework is established for the uppermost Devonian to
Middle Pennsylvanian interval in the study area using a network of well-log cross sections.
Lithostratigraphic units are correlated throughout the study area mostly at formation level;
most of the units are correlated from the subsurface to their outcropping equivalents.
Four sequences are identified within the study interval, based on the recognition of
sequence-bounding unconformities, condensed sections and stacking patterns.
The sub-Ravencliff unconformity is recognized by this subsurface study as a
regional angular unconformity within the Mauch Chunk Group.

Of the five sequence-

bounding unconformities, the sub-Ravencliff and sub-New River unconformities were
probably related to loading relaxation, whereas the sub-Berea, sub-Greenbrier, and sub“Mahoning" unconformities likely resulted from post-orogenic rebound in terms of flexural
foreland-basin models.
From the latest Mississippian to Early Pennsylvanian, the study area experienced
significant change in drainage pattern.

The drainage systems of stage 1 (at

Mississippian-Pennsylvanian transition) in the study area flowed mostly northwestward,
whereas those of stage 2 (Early Pennsylvanian) flowed southward and southwestward.
The incised-valley systems along the sub-Ravencliff and sub-New River unconformities
are analyzed with detailed cross sections and isopach maps. Generally, the paleovalleys
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were filled first with quartz-rich fluvial sands during stillstand and the following
transgression, and then mostly with clays as marine influence increased.
Basement

reactivation

profoundly

influenced

the

depositional

thickness,

lithofacies, subaerial erosion, drainage system, and structural development during the
Carboniferous. The occurrences of the Buming-Mann, Summersville and Beckley faults
are suggested by stratigraphic evidence from this study. A buried anticline, the Gauley
Mountain, is delineated within the Upper Mississippian interval with evidence from cross
sections and isopach maps.
Finally, Carboniferous basin history of the central Appalachian foreland basin is
summarized in terms of intra-basinal basement reactivation, change in regional tectonic
regime, migration of basin center and depocenter, and shift of source area and
paleocurrent direction.
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CHAPTER 1:

INTRODUCTION

GEOLOGIC BACKGROUND
The central Appalachian basin (Figures 1.1 and 1.2), extending from southern
New York to Kentucky, is a multistage foreland trough associated with tectonism of
successive Taconic (Middle Ordovician to Early Silurian), Acadian (Middle Devonian to
Early Mississippian), and Alleghanian (Upper Mississippian to Permian) orogenies
(Figure 1.3) at the North American continental margin (Quinlan and Beaumont, 1984;
Tankard, 1986a; Slingerland and Beaumont, 1989; and Thomas, 1989). Late Paleozoic
strata in the central Appalachians are largely foreland basin fill (Figure 1.4), and the
investigated Carboniferous strata document waning of the Acadian orogeny and
initiation of the Alleghanian orogeny.
The stratigraphic interval evaluated in this study includes basically the Lower
Mississippian, Upper Mississippian, Lower Pennsylvanian and Middle Pennsylvanian. In
the central Appalachian foreland basin, this stratigraphic interval forms a complex
southeastward-thickening wedge characterized by a variety of terrigenous clastic rocks
with intervening marine limestones and shales. The Lower Mississippian is considered
to be associated with the last pulse of the Acadian Orogeny (Ettensohn, 1987).
The Lower Mississippian is unconformably covered by a broad shallow-water
carbonate deposit (the Greenbrier Limestone and its equivalents) of mostly Upper
Mississippian age. The Greenbrier Limestone records the most extensive transgression
for the Carboniferous in the central Appalachians (Arkle and others, 1979; Brezinski,
1989; Carney and Smosna, 1989). It was followed by the progradation of the Mauch
Chunk clastic wedge (Upper Mississippian) driven by the Alleghanian Orogeny.
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Rgure 1.1 Eastern Interior (lapetian) grabens and structures of eastern North America. AL =
Alabama; AR = Arkansas; CT = Connecticut; KY = Kentucky; MD = Maryland; NC = North Carolina;
NH = New Hampshire; NJ = New Jersey; NY = New York; OH = Ohio; PA = Pennsylvania; TN =
Tennessee; Rl = Rhode Island; SC = South Carolina; VA = Virginia; VT = Vermont; WV = West
Virginia. Modified from Shumaker and Wilson (1996).
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Figure 1.2 Index map of the study area in central and southern West Virginia, also showing the distribution of exposed Pennsylvanian
rocks (modified from Rice, 1994), general locations of the two Pennsylvanian coal-bearing basins, the Pocahontas Basin and the
Dunkard Basin, as well as a generalized Carboniferous hinge line that separates a rapidly subsiding basin to the southeast and a
relatively stable shelf to the northwest (Donaldson, 1974).
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Global lowering of sea level (Vail and others, 1977c; Saunders and Ramsbottom,
1986; Ross and Ross, 1988), probably accompanied by increased tectonic loading at
the continental margin during latest Mississippian to Early Pennsylvanian time, resulted
in widespread subaerial erosion in most of the central Appalachians (White, 1891;
White, 1904; Wanless, 1939; Branson, 1962; Arkle, 1974; Arkle and others, 1979;
Chesnut, 1988).
During Early Pennsylvanian New River time, abundant quartz-rich sand derived
mostly from the cratonic area to the north filled the north-south and southwest trending
paleovalleys which scoured into the Mississippian bedrock, and the major river system
flowed southwestward across West Virginia, eastern Kentucky and Tennessee (Rice,
1984, 1985; Chesnut,

1988; Rice and Schwietering,

1988).

By the

Middle

Pennsylvanian time, influence from the orogen to the southeast increased probably due
to active tectonic loading at the North American continental margin. Sediments from the
ancestral Appalachian mountains were shed into the adjacent foreland basin and formed
the Alleghanian clastic wedge. This clastic wedge, consisting mainly of fluvial-deltaic
and alluvial deposits, prograded and thinned northwestward away from the orogenic
source area (Donaldson and Shumaker, 1981).
Besides influences of regional tectonic loading and global sea-level change,
sedimentation in the central Appalachian basin was also affected by intra-basinal
basement structures. Seismic and other geophysical data indicate several deep-seated
basement faults across West Virginia (Figure 1.1).

These basement faults were

reactivated during the Late Paleozoic probably in response to tectonic and sedimentary
loading associated with plate collision along the North American continental margin.
Reactivation of the basement faults not only regulated flexural development of the
6
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basin-and-arch system but also caused some of the most conspicuous sedimentologic
anomalies in the Paleozoic strata of the basin (Donaldson and Shumaker, 1981).
Over the past century many geologic investigators have devoted great effort to
the study of Late Paleozoic strata of the central Appalachians, which has greatly
enriched our knowledge of Appalachian geology. Frazier and Schwimmer (1987) and
Milici and deWitt (1988) presented general reviews of the stratigraphy and tectonics of
the Appalachian basin. The structural and tectonic evolution of the Appalachian basin is
described by Rogers (1970), Hatcher and others (1989), and Rast (1989). Attempts
have been made to document the relationship between tectonic loading and the
development of Appalachian basin using a flexural model for foreland basins (Quinlan
and Beaumont, 1984; Beaumont and others, 1988). Donaldson and Shumaker (1981)
presented an important study on the Late Paleozoic clastic wedges of the central
Appalachians, in which reactivation of earlier Cambrian basement structures is
emphasized for its control on facies patterns, paleocurrent characteristics, gas
production, and coal formation. The present knowledge of the Carboniferous rocks in
the central Appalachian foreland basin is also in part attributed to many previous
subsurface investigations (e.g., Flowers, 1955; Larese, 1974; Miller, 1974; Carpenter,
1976; Presley, 1977; Wrightstone, 1985; Bjerstedt, 1988; Boswell, 1988; Beuthin, 1989;
Chesnut, 1989; Kelleher, 1990; Matchen, 1992; Zou, 1993; Blake, 1997) (Table 1.1).

7
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Table 1.1

Selected previous subsurface investigations on Devonian and Carboniferous

rocks in the central Appalachian forelamd basin
Author/Year

Interval

Study Area

Data Type

Blake, 1997

Lower and Middle
Pennsylvanian

southern West Virginia

outcrops, data from 74
coal drill-holes, 28 well
logs

Zou, 1993

Lower Mississippian

central and western
West Virginia (23
counties).

subsurface: 1500
gamma-ray logs, 1200
density logs; 212 cutting
logs.

Matchen, 1992

Price Formation, Lower
Mississippian

southern West Virginia
and northeastern
Kentucky.

340 gamma-ray logs and
some density logs.

Kelleher, 1990

Greenbrier Limestone, Upper
Mississippian

Southeastern West
Virginia

355 well logs

Beuthin, 1989

Mississippian/Pennsylvanian
contact; L. Pennsylvanian New
River Formation

northwestern West
Virginia

cutting, gamma-ray and
density logs of 350 wells

Boswell, 1988

Acadian clastic wedge (Upper
Devonian-Lower Mississippian).

northern West Virginia

over 450 gamma-ray
logs, 3 measured
sections

Chesnut, 1988

Carboniferous

Central Appalachians

coal-company core
descriptions, drillers’
logs, well logs, measured
sections

Wrightstone,
1985

Ravencliff Formation, Upper
Mississippian

Wyoming and McDowell
Counties, southern WV

535 geophysical logs and
drillers' logs, 18 sample
logs, 3 cores

Presley, 1977

Upper Mississippian Mauch
Chunk Gr.-Middle
Pennsylvanian Pottsville Gr.

northern West Virginia.

555 gamma-ray logs, 102
drillers’ logs, 84 sample
logs, outcrops.

Carpenter, 1976

Upper Mississippian Greenbrier
Limestone

Gilmer and Braxton
counties. West Virginia

650 well-logs, 64 sample
descriptions

Miller, 1974

Upper Mississippian-Lower
Pennsylvanian

southwestern Virginia

subsurface and outcrops

Larese, 1974

Upper Devonian Berea
Sandstone

central West Virginia

about 420 gamma-ray
logs, 2700 drillers’ logs

Englund, 1974

Pocahontas Formation, Lower
Pennsylvanian

southwestern Virginia
and southeastern West
Virginia

subsurface (cutting,
cores) and outcrops

Flowers, 1955

Greenbrier Limestone, Upper
Mississippian

West Virginia

Well-logs and samples

8
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Previous studies on Carboniferous rocks in the central Appalachians are limited
both in geographic scope and in stratigraphic interval.

Regional stratigraphic

relationships are perplexing because of numerous lithofacies changes, rapid thickness
variations, and intense unconformity truncation. Overall depositional systems of these
Carboniferous rocks are not well understood and have been a highly controversial topic.
To deepen our understanding of the history of the central Appalachian foreland
basin, more information or research in the following aspects are needed.
•

Detailed regional stratigraphic correlation;

•

Distribution and trends of the clastic wedges in the basin;

•

Deposystems for different stratigraphic intervals;

•

Timing and nature of the tectonic events in the Appalachian orogen;

•

Timing and distribution of the unconformities;

•

Affects of global sea-level change on stratigraphy;

•

Climatic influence on sedimentation and sediment supply;

•

Constraints of time scale for the central Appalachians.

This study emphasizes stratigraphic and sedimentologic investigations. Nevertheless, it
is important to integrate knowledge from different disciplines to get a whole picture of
the basin history of the central Appalachian foreland basin during the Carboniferous.
OBJECTIVES AND SCOPE
This study was designed to: 1) establish a regional stratigraphic framework for
the Lower Mississippian to Middle Pennsylvanian interval in central and southern West
Virginia using a sequence stratigraphic approach; and 2) document controls on
depositional and erosional patterns of the Carboniferous rocks in the study area and
Carboniferous evolution of the central Appalachian foreland basin.
To fulfill this purpose, this study encompassed a relatively large geographic area

9
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and a thick stratigraphic interval and utilized traceable subsurface data.

The study

investigated twenty-three counties in central and southern West Virginia (Figure 1.5).
Several important intra-basinal structural elements, such as the Rome trough. West
Virginia dome, Burning Springs anticline, Mann Mountain anticline, and Warfield
anticline occur within this area and caused remarkable changes in thickness and
lithofacies of the Carboniferous rocks. The stratigraphic interval investigated is mostly
the Carboniferous (Figure 1.4). It involves the Upper Devonian Berea Sandstone, the
Lower Mississippian Sunbury Shale, the Price and Maccrady formations, the Upper
Mississippian Greenbrier Limestone and Mauch Chunk Group, the Lower Pennsylvanian
Pocahontas and New River formations, and the Middle Pennsylvanian Kanawha
Formation and Charleston Sandstone.
Specific objectives of this study include:
1) To develop a sequence stratigraphic framework for the study interval in the
study area based on subsurface correlation of lithostratigraphic units,
recognition of unconformities, condensed sections and systems tracts on
well-log cross sections',
2) To investigate the distribution of unconformities and discuss their possible
origins;
3) To investigate the relationship between basement structures and the
Carboniferous sedimentary cover in terms o f changes in thickness and
lithofacies as well as the nature of the unconformities of the Carboniferous
stratigraphic units, and further to suggest evolution of regional tectonic
regime and reactivation history of the basement structures in terms o f relative
vertical movement of sub-blocks in the study area;
4) To summarize the Carboniferous history o f the central Appalachian foreland
in terms o f general sequence development, migration of basin center and
depocenter, and shift o f paleocurrent direction and source area.

10
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The investigated rock interval not only records an important part o f geologic
history of the central Appalachian basin but also contains oil and gas, coals, coal-bed
methane, potable water aquifers, and potential strata for waste-disposal. In the process
of discussing academic interpretations for geoscience, this study should also aid the
energy industry by indicating the presence and continuity of reservoir rocks.

11
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Figure 1.5 Index map showing study area and well-data control points with county boundaries and county
names in central and southern West Virginia.
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CHAPTER 2:

METHODOLOGY

DATA SOURCES
Data sources used in this investigation include well logs of approximately 1450
wells (Figure 1.5), 190 geologic cutting logs, and some strip logs o f cores. Most of the
gamma-ray logs penetrate the Greenbrier Limestone, and approximately one third reach
the Sunbury Shale. Gamma-ray logs and some density logs of approximately 900 wells
were digitized and used to form a network of stratigraphic cross sections during initial
subsurface correlation.

Cross sections presented in this dissertation use digitized

gamma-ray logs of 346 wells. For the Pennsylvanian interval, subsurface correlation
was enhanced by data from cores and measured outcrops of other workers.

Intra-

basinal structural framework is based on Shumaker and Wilson’s (1986) work.
Because well logs used in this study are from different sources and displayed at
different scales, it is important to have them digitized to facilitate meaningful comparison
in this regional subsurface study.

Digitized logs make it easier to construct well-log

cross sections at different scales using different datums.

In this study approximately

900 logs were digitized. Subsurface stratigraphic correlations were made initially on 42
regional large-scale cross sections traversing the study area (26 northwest-southeast
and 16 southwest-northeast). Cross sections presented in this dissertation, however,
were regenerated later using the mapping software WinSurfer (Golden Software, Inc.,
809 14th Street, Golden, Colorado 80401-1866, Phone 1-800-972-1021).

Depth

readings of interpreted lithostratigraphic units were compiled into a data set and were
input into WinSurfer to construct isopach, isolith, and structural maps.

13
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METHODS OF SUBSURFACE CORRELATION
Subsurface correlation of well-log cross sections employed conventional
approaches, such as the marker-bed method and the curve-matching method.
Additional data used include cores, sample logs, measured outcrops, and well-log cross
sections of previous workers, which help confirm the correlations of this study.

Table 2.1

Major marker beds in the study interval, ranked in the order of their relative

importance
MARKER TYPE

U N IT

AGE

LITHO LO G Y

R eg io nal
Ma r k e r

Greenbrier (Big Lime)

Upper Mississippian

Limestone

Reynolds (Little Lime)

Base of Mauch Chunk

Limestone

Sunbury Shale

Base of Lower Mississippian

Marine shale

Pride Shale

Mauch Chunk Gr.

Marine shale

Avis Limestone

Mauch Chunk Gr.

Limestone

Betsie Shale

Kanawha Formation

Marine shale

Local M a r k er

MARKER BEDS
Some important marker beds in the study interval are listed in Table 2.1.
Regional Markers
The Greenbrier and Reynolds limestones are two important marine units in the
Upper Mississippian interval. They are widespread in the study area and only in the
northwestern part of the region are they absent due to post-Mississippian erosion
related to the sub-New River unconformity. The Sunbury Shale is a highly radioactive
marine shale at the base of the Lower Mississippian, and its typical log curve signature
is indicated in Figure 2.1. This distinctive marine bed is recognizable throughout the
study area except over the West Virginia dome, where it becomes less radioactive due
to facies change or is eroded by the sub-Greenbrier unconformity.

14
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Figure 2.1 Type log signatures (Well Fayette 517) of three highly radioactive marine shales which serve as important marker beds
within the study interval.

Local Markers
Although not covering the entire study area, certain local marker beds provide
additional control on subsurface correlation and are important for detailed correlation
and study of thin intervals.
The Pride and Betsie shales are similar to the Sunbury Shale in their gamma-ray
curve signature (Figure 2.1). The Pride Shale, at the base of the Bluestone Formation
of the Mauch Chunk Group, is distinct in an area that includes Raleigh, Fayette,
Nicholas, and Clay counties, and easternmost Kanawha, Boone, and Logan counties.
The Avis Limestone is also limited to the southeastern part of the study area.

Its

distribution is significantly modified by the sub-Ravencliff and sub-New River
unconformities. The Betsie Shale, in the lower part of the Kanawha Formation, is only
recognizable along a narrow belt in eastern Logan, eastern Kanawha, and Clay
counties. Despite its limited occurrence, this shale is an important marker within the
Pennsylvanian interval.
OTHER METHODS
In addition to the above markers, certain shales, coal seams and sandstones are
used for detailed correlation after the major marker beds were recognized.
In the subsurface correlation, the similarity of log-curve signatures of two or more
logs was used in both regional and detailed correlation. This curve-matching method is
considered reliable for detailed correlation of the interval stratigraphically between two
readily identifiable marker beds.
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Other data used to confirm correlations produced in this study include:
1) Core information: The West Virginia Geological and Economic Survey provided
several valuable strip logs of coal-borehole cores for the Pennsylvanian interval.
Structural maps of the Pennsylvanian coal seams constructed by the Coal
Resources Group of the West Virginia Geological and Economic Survey are also
helpful in the correlation of the Lower to Middle Pennsylvanian interval in the
southeastern part of the study area.
2) Sample logs:

Sample logs of cuttings, where available, were used mainly to

check the existence of redbeds and coal seams.
3) Outcrop studies: Some measured outcrop sections from previous studies were
used to check subsurface correlation of rock units and help tie the subsurface
lithologic units to their equivalents at the surface.
4) Subsurface Studies:

Well-log cross sections of previous workers help delineate

the subsurface stratigraphic units in this study. Some examples of cross sections
are the Greenbrier Limestone of Carpenter (1977) in north-central West Virginia and
Kelleher (1990) in southeastern West Virginia: the Hinton Formation of Wrightstone
(1985) in southern West Virginia; and the Lower Mississippian cross sections of Zou
(1993) in central West Virginia.

Rice and others (1987) correlated the highly

radioactive Betsie Shale of the Kanawha Formation from Tennessee to central West
Virginia on a cross section of gamma-ray logs.
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SEQUENCE STRATIGRAPHY AS A CONCEPTIONAL MODEL
BASIC CONCEPTS
Sequence stratigraphy is a study of lithostratigraphy that emphasizes the
association of unconformities, key surfaces, facies, and condensed sections (Weimer,
1992). The sequence is the fundamental stratigraphic unit of sequence stratigraphy.,
and it is defined as a stratigraphic unit composed of relatively conformable succession
of genetically related strata bounded by unconformities or their correlative conformities
(Mitchum and others, 1977). Sequences are interpreted to have developed in response
not just to eustatic sea-level change, but rather to relative sea-level fluctuation (the sum
of tectonic subsidence and eustatic sea-level change), as well as local physiography
and variations in sediment flux (Posamentier and Weimer, 1993).
Sequence boundaries occur in two types (Van Wagoner and others, 1988). A
type-1 sequence boundary forms when the rate of sea-level fall exceeds the rate of
basin subsidence at the depositional-shoreline break (Van Wagoner and others, 1988).
In siliciclastic shelf settings, type-1 sequence boundaries are characterized by erosion of
underlying units, an abrupt basinward shift in facies, and subaerial exposure (Van
Wagoner and others, 1990).

Type-1 unconformities are commonly accompanied by

incised valleys that were eroded by fluvial action during relative sea-level fall and
lowstand (Posamentier and Vail, 1988; Van Wagoner and others, 1990).

A type-2

sequence boundary occurs when the rate of sea-level fall is less than the rate of basin
subsidence at the depositional-shoreline break (Van Wagoner and others, 1988), and is
less common in siliciclastic rocks than type-1 (Mitchum and Van Wagoner, 1991).
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Table 2.2

Glossary of terms related to sequence stratigraphy used in this study (modified

from Walker, 1992)
Condensed S ection a thin marine stratigraphic interval characterized by very slow sedimentation
rate (Vail and others, 1984), which consists of hemipelagic and pelagic sediments, starved of
terrigenous materials, deposited on the middle to outer shelf, slope, and basin floor during a
period of maximum relative sea-level rise and maximum transgression of the shoreline (Loutit
and others, 1988)._______________________________________________________________________
Depositional System
“three dimensional assemblage of lithofacies” (Fisher and McGowen,
1967), “genetically linked by active or inferred processes and environments” (Posamentier and
others, 1988).__________________________________________________________
Dow nlap
the situation where “an initially inclined layer terminates downdip against an initially
horizontal or inclined surface" (Mitchum and others, 1977, p.58).
Eustasy
world-wide change of sea level relative to a fixed point such as the center of the earth.
Eustatic changes result from variations in the volume of water in the ocean basins (glacial
control), or a change in the volume of the basins themselves (related to rates of ocean ridge
building and rates of seafloor spreading). The eustatic sea level curve describes cyclic changes
in sea level.______________________________________________________________________________
Facies Succession
a vertical succession of facies characterized by a progressive change in one
or more parameters, e.g., abundance of sand, grain size, or sedimentary structures
M arine Flooding S urface
“a surface separating younger from older strata across which there is
evidence of an abrupt increase in water depth” (Van Wagoner and others, 1990, p.8).
M axim um Flooding S urface
a surface separating a transgressive systems tract (below) from a
highstand systems tract (above).
It is commonly characterized by a condensed horizon
reflecting very slow sedimentation; markers in the overlying systems tract downlap onto the
MFS.____________________________________________________________________________________
O niap
the situation where “an initially horizontal stratum laps out against an initially inclined
surface" (Mitchum and others, 1977, p.57-58).
Parasequence
“a relatively conformable succession of genetically related beds or bedsets
bounded by marine flooding surfaces and their correlative surfaces” (Posamentier and others,
1988, p. 110). Most siliciclastic parasequences are progradational, which results in an upwardshoaling association of facies in which younger bedsets were deposited in progressively
shallower water (Van W agoner and others, 1990),___________________________________________
Parasequence S et
a succession of genetically related parasequences which form a distinctive
stacking pattern that is bounded, in many cases, by major marine-flooding surfaces and their
correlative surfaces (Van W agoner and others, 1990)._______________________________________
R avinem ent S urface
an erosion surface produced during marine transgression of a formerly
subaerial environment.
S equence
“a stratigraphic unit composed of relatively conformable succession of genetically
related strata bounded by unconformities and their correlative conformities” (Mitchum and
others, 1977).____________________________________________________________________________
S equence S tratigraphy
“the study of rock relationships within a chronostratigraphic framework
wherein the succession of rocks is cyclic and is composed of genetically related stratal units
(sequences and systems tracts)" (Posamentier and others, 1988, p.110).______________________
System s T rac t “a linkage of contemporaneous depositional systems” (Brown and Fisher, 1977).
U nconform ity
“a surface separating younger from older strata, along which there is evidence of
subaerial erosional truncation...or subaerial exposure, with a significant hiatus indicated”
(Posamentier and others, 1988, p.110).____________________________________________________
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A sequence can be subdivided into systems tracts, based on their positions
within the sequence and on the stacking pattern of parasequence sets and
parasequences (Van Wagoner and others, 1988; Posamentier and others, 1988). Four
systems tracts are recognized and they are lowstand, shelf-margin, transgressive, and
highstand systems tracts. Type-1 sequences are composed of lowstand, transgressive,
and highstand systems tracts bounded beneath by type-1 unconformities and their
correlative conformities (Van Wagoner and others, 1990). Type-2 sequences, on the
other hand, consist of shelf-margin, transgressive, and highstand systems tracts
bounded beneath by type-2 unconformities and their correlative conformities (Van
Wagoner and others, 1990).
The transgressive systems tract (TST), characterized by retrogradational
stacking pattern, is separated from the underlying lowstand systems tract (LST) by the
first marine flooding surface (the transgressive surface) along the shelf margin. The
highstand systems tract (HST) is separated from the TST by the maximum flooding
surface. Parasequences of the HST show marked progradational geometries.
APPLICATION TO THIS STUDY
Importance of Sequence-Stratigraphic Approach
Sequence stratigraphy provides us a new tool to group Carboniferous strata of
the central Appalachian foreland basin into genetically related packages (sequence,
systems tracts).

The establishment of a sequence-stratigraphic framework helps

simplify formation-based stratigraphy of the Carboniferous rocks.

Furthermore,

correlations of key surfaces within the basin will increase the resolution of timestratigraphy for the basin.
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The establishment of a sequence-stratigraphic framework based on recognition
of sequence-bounding unconformities, transgressive surfaces, maximum flooding
surfaces, and systems tracts helps document the Carboniferous history of the central
Appalachian foreland basin due to genetic implication of the sequence and its
components.
Sequence stratigraphy also has the power to predict facies assemblages within a
sequence and improves facies analysis. It may also predict occurrence of sequencebounding unconformities and incised valleys. The identification of the sub-Ravencliff
unconformity (see chapter 4 for detailed discussion) by this study presents one example
of the prediction power of sequence stratigraphy.
A Sequence-Stratigraphic Framework
Although sequence stratigraphy was developed in and has been mainly applied
to marine environments under passive margin settings, the present study proved that
the sequence-stratigraphic approach also is applicable to the nonmarine-dominated
Carboniferous strata in the central Appalachians foreland basin.
This study employed a high-resolution data set—well logs for sequencestratigraphic analysis of the study interval.

Figure 2.2 presents a northwest-trending

stratigraphic cross section across the study area (All well-log cross sections presented
are composed of gamma-ray curves). This cross section illustrates an overall wedgeshaped stratal profile, especially for the Greenbrier to Charleston interval. The study
interval is grouped into four unconformity-bounded packages, or sequences, in this
study on the basis of the recognition of five sequence-bounding unconformities (Figure
2.2). Within each of sequences strata are relatively conformable.
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Figure 2.2 A northwest-trending cross section showing stratigraphic framework of the Lower Mississippian to Middle Pennsylvanian interval.

Sequence 1 (the Berea-Maccrady sequence) consists primarily of the Lower
Mississippian rocks and is bounded below by the sub-Berea unconformity (SB 1) and
above by the sub-Greenbrier unconformity (SB 2). Sequence 2 (the Greenbrier-Hinton
sequence) is composed of the Greenbrier Limestone and the Bluefield and Hinton
formations of the Mauch Chunk Group, bounded below by the sub-Greenbrier
unconformity (SB 2) and above by the newly defined sub-Ravencliff unconformity (SB
3).

Sequence 3 (the Ravencliff-Pocahontas sequence) includes the Ravencliff and

Bluestone formations (the Mauch Chunk Group) and the Pocahontas Formation (the
Lower Pennsylvanian) and is bounded below by the sub-Ravencliff unconformity (SB 3)
and above by the sub-New River unconformity (SB 4). Sequence 4 (the New RiverCharleston sequence) consists of the Lower Pennsylvanian New River Formation, the
Middle Pennsylvanian Kanawha Formation, and the majority of Middle Pennsylvanian
Charleston Sandstone.

This sequence is bounded below by the sub-New River

unconformity (SB 4) and above by a suspected unconformity (Wagner and Lyons,
1997), named herein the sub-“Mahoning” (SB 5).
These sequences will be discussed in detail in succeeding chapters in terms of
sequence

boundary unconformities,

systems tracts,

condensed

sections,

and

deposystems of selected sandstone units. For comparison, lithostratigraphic units will
be described along with the sequence stratigraphic framework.
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CONTROLS ON STRATAL ARCHITECTURES IN A FORELAND BASIN
Stratigraphic architecture of a foreland basin is determined by the rate of
accommodation (Ra) relative to the rate of sedimentation (Rs) (Van Wagoner and
others, 1990):
If Ra > Rs, transgression;
If Ra < Rs, progradation;
If Ra = Rs, aggradation.
These two variables, in turn, are controlled by tectonics, eustasy, climate, and autogenic
processes such as delta shifting (Figure 2.3), which may individually or jointly influence
the following resultants:
•

Subsidence of the basin floor - in the context of this study, caused
primarily by lithospheric flexure under crustal loads. The sediments and
water column in the basin added additional loads.

•

Worldwide or basin-wide change in sea level - in different orders; driven
by different mechanisms (e.g., tectonics, such as change of the speed of
the sea-floor spreading; and climate, resulting in glacioeustasy).

•

Sediment supply - influenced mainly by tectonics (elevation and relief of
source areas), climate, sea level change (base level), and vegetation.

TECTONIC CONTROL— FORELAND-BASIN MODELS
A foreland basin is a linear, asymmetric trough formed adjacent to an active fold
and thrust belt. Creation and development of a foreland basin and its sedimentary fill
are controlled by orogeny, intra-basinal tectonism, and variation in global sea level.
Over the past two decades, a variety of models have been presented to demonstrate
the relationship between crustal loading and foreland basin formation (e.g., Beaumont,
1981; Jordan, 1981; Quinlan and Beaumont, 1984; Heller and others, 1988; Flemings,
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Rgure 23 Diagram showing interplay between tectonics, glacioeustasy, climate, and autogenic
processes and their influence on stratigraphic architecture (modified from Dickinson and others,
1994).
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and Jordan, 1990). These models attempt to predict the overall geometry and possible
evolution of a foreland basin in response to emplacements of thrust-sheets at the
continental margin.

In turn, the pattern of basin evolution should reflect subtle

adjustments to the size of the overthrust load, thickness and rheology of the lithospheric
plate beneath the load, rate of thrusting, and the time available for isostatic adjustment
between active thrusting episodes (Tankard, 1986a).
Of the various foreland basin models, the flexural model (the Quinlan-Beaumont
model) of Quinlan and Beaumont (1984) and Beaumont and others (1988) is applicable
to the Appalachian basin and has been widely cited.

A temperature-dependent,

viscoelastic lithospheric model was employed in such simulations. Active tectonic load
resulting from a migrating fold-thrust belt during plate collision, plus a subordinate
component of sediment load, produces a flexural foreland basin and a regional
unconformity craton-ward (Figure 2.4A). After the active tectonic loading ceases, the
lithosphere relaxes the stress in two different phases: loading relaxation (Figure 2.4B)
and unloading relaxation (Figure 2.4C) (Beaumont and others, 1988). The unconformity
associated with loading relaxation results from upwarping of the peripheral bulge and
thus is basically limited to the cratonic side of the foreland.

By contrast, the

unconformity associated with unloading relaxation is caused by rebound of the unloaded
orogen and adjacent proximal foreland. The Quinlan-Beaumont model (Quinlan and
Beaumont, 1984; Beaumont and others, 1988) has been tested and supported by some
workers with stratigraphic evidence from the Appalachian basin (Ettensohn, 1985, 1994;
Tankard, 1986a, 1986b; Chesnut, 1991; Ettensohn and Pashin, 1993).
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and others (1988).
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Heller and others’ (1988) two-phase model for foreland basins (the Heller’s
model) was also introduced to the central Appalachians by some workers (Donaldson
and Zou, 1991; Zou, 1993) (Figure 2.5). According to this model (Figure 2.5), a foreland
basin is an asymmetrical structural depression created by flexure of lithosphere under a
thrust belt and associated tectonic loads. If movement of a thrust belt is discontinuous,
the adjacent foreland will undergo two phases of basin development: a synorogenic
phase and a post-orogenic phase. The synorogenic phase occurs during rapid tectonic
subsidence of the basin due to active load emplacement in the adjacent thrust belt. The
rate of subsidence diminishes exponentially away from the load and results in an
asymmetrical trough and associated clastic wedge.

Coarse-grained sediments

accumulate only in the proximal foreland and grade rapidly into fine-grained deposits
toward the distal foreland. The succeeding post-orogenic phase occurs when active
tectonic loading ceases and erosional processes dominate.

Isostatic rebound

associated with the erosion of the thrust belt will lead to flexural uplift of the adjacent
proximal foreland and over time the more distal part of the basin may become involved.
This will result in erosion and redistribution of coarse-grained sediments previously
deposited in the more proximal parts of the basin. As a result, a sheetlike reworked
coarse deposit spreads over the distal part of the foreland when an unconformity forms
in the thrust belt and proximal foreland.
This study applied both the Quinlan-Beaumont model and the Heller’s two-phase
model in its basin analysis, noticing that each of them has its own strength.

The

Quinlan-Beaumont model emphasizes changes in the geometry of a foreland trough and
its associated peripheral bulge; it is more powerful concerning development of
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Figure 2.5 Two-phase model for foreland basins (Heller and others, 1988)
and its application to the Upper Devonian and the Lower Mississippian of
the central Appalachian basin (Donaldson and Zou, 1991). Modified from
Zou (1993)
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different types of unconformities under a foreland setting.

On the other hand, the

Heller’s two-phase model emphasizes nature of sedimentary fill in a foreland basin, and
it is especially helpful to the delineation of post-orogenic phases in Carboniferous
evolution of the central Appalachian foreland documented in this study.
EUSTATIC CONTROL
Eustatic changes influence the shoreline position and base level and
consequently affect stratigraphic architecture of a basin (Figure 2.3). Eustasy mainly is
controlled by two factors: A) variation in the volume of the ocean water and B) change in
the volume of the ocean basins (Plint and others, 1992). Change in the volume of the
ocean water is primarily related to change in the volumes of continental ice cap caused
by climatic variation (glacioeustasy), whereas the volume of the ocean basins is largely
governed by tectonism (tectonoeustasy). Tectonoeustasy may result from changes in
the volume of ocean basins related to accretion and subsequent breakup of
supercontinents, heating or cooling of oceanic crust, growth or destruction of mid-ocean
ridges, increase or decrease in ocean trench activity, and orogenic activity along
continental margins (Dennison, 1989).
Tectonoeustasy may be responsible for the first- and second order sea-level
fluctuations (Vail and others, 1977a; Pitman, 1978).

Major long-term transgressions

over the continents relate to fast oceanic spreading and production of new hot oceanic
crust (Pitman, 1978). Glacioeustatic fluctuations of sea level may be the cause for small
scale, fourth- or fifth order sea-level changes (Table 2.3) and are likely responsible for
the cyclothems in the Carboniferous coal measures (Busch and Rollins, 1984; Heckel,
1986, 1994).
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Table 2.3

Hierarchical classifications of Carboniferous cycles compared with that of Exxon’s

sea-level cycles (the first column)
Vail
and
others
(1977a); Miall (1990)

Busch and Rollins
(1984)

First Order
200-400 m.y.

First Order
225-300 m.y.

Second Order
10-100 m.y.

Second Order
65 m.y.

Third Order
1-10 m.y. (mostly 13 m.y., rarely up to
15 m.y.)

Third Order
8-10 m.y.

Major Allocycle
7-15 m.y

Fourth Order
0.8-1.5 m.y.

Intermediate
Allocycle
2.5-3.5 m.y.

Fourth Order
200,000-500,000 yr

Fifth Order
400,000-450,000
yr

Major Cycle
235,000-400,000 yr

Fifth Order
10,000-200,000 yr

Six Order
100,000-225,000
yr

Intermediate Cycle
120,000-220,000 yr

Heckel (1986)

Donaldson and
Eble (1991)

Chesnut (1994)

Major-Transgression
Cycle
1.1-4.3 m.y.
(avg. 2.5 m.y.)

Minor Allocycle
0.3-0.7 m.y.

Minor Cycle
44,000-120,000 yr

CLIMATIC CONTROL
Change in climate (seasonal dry and wet) has a great effect on sediment
production and transportation; climate is also a basic control on deposition of certain
kinds of rocks, such as evaporites, paleosols, and coals (Cecil, 1990) (Figure 2.6).
Long-term climatic variations during the Carboniferous in the Appalachian basin
probably reflect migration of the continent across Earth’s latitudes and/or an orographic
effect from mountain building (Cecil, 1990; Donaldson and Eble, 1991). Cecil (1990)
claimed that short-term climatic cycles were probably responsible for the formation of
some of the cyclothems in the Carboniferous coal measures.
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DIFFERENTIATION BETWEEN TECTONIC AND EUSTATIC SIGNALS
Separating the influence of different controls on rock records has been and will
be a challenge to all geologic workers.

Nevertheless, many workers have made

attempts in differentiating tectonic from eustatic signals.
Geometry Method
Angevine, Heller, and Paola (1988) introduced this technique to evaluate relative
importance of regional or global sea-level change versus tectonic subsidence (Figure
2.7).

Tectonically induced clastic wedges generally preserve the asymmetrical

geometry of the foreland basin, by wedging out from the source lands (Figure 2.7A),
whereas eustatically driven clastic wedges tend to be more tabular in shape (Figure
2.7B).

if short-term eustatic events occur as a tectonic delta is prograding (Figure

2.7C), the overall asymmetric shape of the delta still is preserved but with superimposed
small-scale fluctuations cause by sea-level change. In contrast, if short-term eustatic
changes are superimposed on an overall sea-level fall (Figure 2.7D), each of the smallscale transgressions tend to be tabular as is the overall deltaic sequence.
Phase Comparison Method
According to Dickinson and others (1994), eustatically induced cyclothems
should be developed in phase throughout a given basin, and should be potentially
correlated with synchronous cyclothems in other basins throughout the world.

By

contrast, tectonically induced cyclothems are predicted to be out of phase between
basin interiors and basin flanks.

However, this method apparently requires a high-

resolution age constraint and is not applied in this study.
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Donaldson and Eble (1991) studied different cycles in the Pennsylvanian coal
measures of the Appalachian basin and compared them with a global sea-level curve
and inferred ice volume for Gondwanaland of Veevers and Powell (1987) (Figure 2.8).
They concluded that the major allocycles (Figure 2.8; Table 2.3) in the Appalachian
basin were not in phase with the global sea-level curve and therefore probably were
dominantly tectonically controlled; the duration attributed to minor allocycles (Table 2.3)
probably reflects glacioeustatic controls.
Criteria In Recognizing Tectonic Controls
Tectonic influence on foreland-basin fill and erosion may be reflected by;
• asymmetric depositional wedge (either clastic or carbonate);
• regional angular unconformities and their asymmetric distribution pattern;
• migration of depocenter (thickest sediment accumulation) and basin center
(deep-water part of a basin); and
• changes in dominant regional paleoslope or paleoflow directions.
Documentation of these characteristics will help to reconstruct the Late Paleozoic
evolution of the central Appalachian foreland basin.
An integrated approach is needed to analyze the history of the central
Appalachian foreland basin and to evaluate the relative importance of various controls
on the stratigraphic architecture of the basin.

Figure 2.9 presents an integrated

stratigraphic framework for the study interval in comparison with global sea-level curve,
climate

change, tectonic activities

in

the Appalachian

orogen,

and

different

interpretations for basin evolution. This figure is also a guideline for discussions in the
succeeding chapters.
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CHAPTER 3:

STRATIGRAPHIC AND STRUCTURAL FRAMEWORKS

REGIONAL STRATIGRAPHIC CROSS SECTIONS
Gamma-ray logs of one hundred and forty-eight wells were used to form a
network of thirteen regional cross sections (Figure 3.1). These cross sections provide a
lithostratigraphic framework for the study area. Formal stratigraphic names (Figure 3.2)
are used for the subsurface rocks in this study where there is certainty in correlation to
their outcrop equivalents.
The regional stratigraphic cross sections are presented in Figures 3.3 to 3.15.
Where present, the Greenbrier top is the datum for these cross sections. Subsurface
correlation is basically at the formation level, although some units at the member level
are also marked. These cross sections show facies changes, thickness variations, and
evidence for unconformities. The greatest thickness changes generally occur on the
northwest-oriented cross sections along the dip trend of the depositional basin. Of the
five sequence-bounding unconformities (Figures 2.2 and 2.9), the sub-Greenbrier and
sub-New River unconformities are the most evident. The sub-Ravencliff unconformity
was delineated by detailed subsurface study of the Mauch Chunk interval, and its
evidence will be presented in chapter 4. The Ravencliff Formation is suggested in this
study as a formal lithostratigraphic unit, which is roughly equivalent to the Princeton
Sandstone of the Mauch Chunk Group in outcrop to the east.
The regional cross sections provide a subsurface framework of conventional
stratigraphy using lithostratigraphic terminology.

In the following section, the same

stratigraphic interval will be interpreted using sequence-stratigraphic principles.
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INDEX MAP OF
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Figure 3.3 Regional stratigraphic cross section R-NW1. Structural framework in the index map is from Shumaker and Wilson (1996) and this study.
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Regional stratigraphic cross section R-NE5.
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SEQUENCE-STRATIGRAPHIC FRAMEWORK
Sequence stratigraphy studies rock relationships within a chronostratigraphic
framework of repetitive and genetically related strata bounded by surfaces of erosion or
nondeposition and their correlative conformities (Mitchum and others, 1977; Van
Wagoner and others, 1988).

The sequence-stratigraphic principles are applied to

Carboniferous rocks of the central Appalachian foreland basin in this study.

Five

unconformities subdivide the study interval into four sequences (Figure 2.2).
identification of maximum flooding surfaces (condensed sections), stacking patterns,
and facies successions (fining-upward, coarsening-upward) allows the subdivision of
these sequences into their systems tracts (Figure 3.16).
SEQUENCES
As was introduced in chapter 2, the Carboniferous rocks of the study interval are
subdivided into four sequences bounded by five regional or inter-regional unconformities
(Figures 2.2, 2.9 and 3.16).

Based on current correlation (Figure 2.9), these

Carboniferous sequences record long-term, relative sea-level fluctuations. Most of them
represent a duration of at least 15 m.y. and are considered to third-order cycles.
SYSTEMS TRACTS
Common types of systems tracts are lowstand, transgressive, and highstand,
based on their position within the sequence and their stacking patterns, and their
bounding surfaces (Van Wagoner and others, 1990). In general, the lowstand systems
tract consists of a basin-floor fan, a slope fan, and a lowstand wedge. The lowstand
wedge is composed of a proximal part of incised-valley fills and their associated
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lowstand-shoreline deposits on the shelf or upper slope and a distal part of shaly wedge
that downlaps onto the slope fan (Van Wagoner and others, 1990).

During the

Carboniferous, the study area was primarily represented by fluvial-coastal-shallow
marine environments.

The lowstand systems tracts of the four Carboniferous

sequences are considered to be farther south and southwest in the deep-water basins
and are basically not present in the study area.
The transgressive systems tract (TST) is bounded below by the transgressive
surface and above by the maximum flooding surface. The TST is marked by incisedvalley fills in Carboniferous sequence 1, 3, and 4. In sequence 2, although sea-level
fluctuation occurred during Greenbrier time, the Greenbrier Limestone represents an
overall transgression and onlaps onto the sub-Greenbrier unconformity (SB 2) (Figure
3.16).

Based on the subsurface observation of this study and sea-level study by

Brezinski (1989), the Union-Alderson interval of the Greenbrier Limestone (Figure 3.16)
probably represents the most extensive transgression during the Late Mississippian in
the central Appalachians.
The highstand systems tracts (HST) is floored by the maximum flooding surface
and terminated by the upper boundary unconformity.

In each sequence, the HST is

characterized by a coarsening-upward trend, which represents an overall progradation
of the clastic wedge.

Superimposed on this long-term regressive trend usually are

short-term cycles probably caused by sea-level fluctuations of higher frequency. The
highstand systems tracts are dominant in thickness in the Carboniferous sequences.
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MAXIMUM FLOODING SURFACES
The

maximum

flooding

surface

(MFS)

represents

the

most landward

transgression of the shoreline. The MFS reflects rapid rise of relative sea level or base
level and separates the highstand systems tract from the transgressive systems tract in
a sequence (Posamentier and others, 1988). In subsurface and outcrop, a maximum
flooding surface is commonly represented by a condensed section reflecting very slow
sedimentation (Loutit and others, 1988).
Three highly radioactive marine shales (Figure 2.1) were recognized within the
study interval (Figures 2.2 and 3.16). They are the basal parts of the Sunbury Shale in
sequence 1, the Pride Shale in sequence 3, and Betsie Shale in sequence 4. These
highly radioactive shales are considered as condensed sections and are key
stratigraphic units in subsurface correlation. These “condensed” sections commonly
contain marine fossils, and their basal parts are generally highly radioactive, suggesting
concentration

of organic

matter, which

is commonly favored

by deep-water

environments or by stratified water bodies. In the study area, the maximum flooding
surfaces represent maximum marine transgression onto the previous fluvial-deltaic
systems, or the erosional surfaces. In Figure 3.16, downlap of the HST strata onto the
Betsie Shale (MFS or downlapping surface) can be observed in sequence 4.

This

relationship probably suggests a northwestward progradation and a decrease in the
sedimentation rate of the clastic wedge within this highstand systems tract, which is
evidence for a regional change in source area and paleoslope that continued into the
overlying Middle Pennsylvanian to Permian strata.
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INTRABASINAL STRUCTURAL FRAMEWORK
The central Appalachian basin has been affected by three major tectonic events
(Figures 1.3 and 1.4): (1) the Precambrian Grenville (compressional) orogeny (- 1 Ga),
which formed the basement and several lineament structures: (2) lapetian rifting (-560
Ma), which formed the Eastern Interior Rift System including the Rome trough; and (3)
the Appalachian multiple orogenies (the Taconic of the Middle Ordovician to Early
Silurian, the Acadian of the Middle Devonian to Early Mississippian, and the Alleghanian
of Upper Mississippian to Permian), which generated the Appalachian foreland basin
and its deformed Paleozoic strata (Donaldson and Shumaker, 1981; Shumaker, 1996;
Shumaker and Wilson, 1996).
The Precambrian and Cambrian basement structures not only defined the
configuration of the basement, but their intermittent reactivation also significantly
influenced depositional and erosional patterns of the Paleozoic sedimentary cover and
the formation of younger structures. Figure 3.17 shows the major basement elements
and related surface folds in the study area.
NEW YORK-ALABAMA LINEAMENT
The New York-Alabama lineament (Figure 1.1) is well expressed on regional
magnetic intensity and gravity maps as a series of linear steep gradients extending from
Alabama to New York (King and Zietz, 1978). This lineament is suspected to be a
Grenville suture or Precambrian strike-slip fault zone (King and Zietz, 1978; Shumaker
and Wilson, 1996) that was intermittently reactivated by small movement throughout the
Paleozoic as a growth structure along the eastern margin of the Rome trough
(Donaldson and Shumaker, 1981).
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Figure 3.17 Local structural framework of the study area showing the known basement
faults, surface anticlines (based on Shumaker, 1986, and Shumaker and Wilson, 1996),
and inferred basement faults. The East-Margin fault (EMF) of the Rome trough is divided
by the Buming-Mann fault into the east segment (EMF_E) and the west segment (EMF_W).
Some of the V\fest-Margin faults (WMF) are labeled. The Beckiey and Sunrnersville faults
are inferred by this study.
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38TH PARALLEL LINEAMENT
As defined by Heyl (1972), the 38th Parallel Lineament extends from the eastern
margin of the Rocky Mountains on the west to the Blue Ridge and Kelvin Sea Mounts of
the Atlantic Ocean on the east. Originally it probably was a right-lateral strike-slip fault
zone (Woodward, 1961; Heyl, 1972; Werner, 1979). In eastern Kentucky and southern
West Virginia, the southeastern margin of the Rome trough follows the 38th Parallel
lineament, and the development of the West Virginia dome was also affected by this
structure (Donaldson and Shumaker, 1981).
BURNING-MANN FAULT AND RELATED ANTICLINES
It has been suspected that a basement lineament (the Buming-Mann fault?)
probably ties together two nearly contiguous surface structures, the Burning Springs and
the Mann Mountain anticlines, across the Rome trough interior (Gao, 1994; Root, 1996).
Stratigraphic evidence from this study supports existence of the Buming-Mann
lineament and interpreted it as a basement fault that greatly affected the depositional
and erosional patterns during the Carboniferous.
The Burning Springs anticline (Figure 3.17) has been interpreted as a structure
detached in the Silurian Salina salt (Woodward, 1959; Rodgers, 1963; Gwinn, 1964).
Seismic data presented by Shumaker (1986) confirmed the detached nature of the
Burning Springs anticline. The seismic profile (Figure 3.18) shows the existence of a
down-to-the-east basement normal fault (called the Burning Springs fault) of Cambrian
age. Subsurface well-log study by Calvert (1983) supported the detached nature of the
anticline and influence of a basement fault on the trend of the shallow surface structure
that formed during Alleghanian orogeny.
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Figure 3.18 Seismic section across Burning Springs antidine showing a basement fault and the
detachment above the Salina section of the Silurian. (From Shumaker, 1986).
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The Mann Mountain anticline (Figure 3.17) is a low fold, trending roughly north in
southern and central Fayette County and northwest in northern Fayette and southern
Nicholas counties. This anticline is a shallow-rooted fold detached in the lower part of
the Devonian black shale (Perry, 1980).

ROME TROUGH AND WARFIELD ANTICLINE
The Rome trough (Figure 1.1 and 3.17) in West Virginia is a northeast-trending,
Cambrian-aged rift graben. It is part of a series of rifts, the Eastern Interior Rift System
(Ham's, 1978), which developed across the continental interior, from Pennsylvania to
Arkansas, during the Early Cambrian (560 Ma) (Shumaker, 1986; Donaldson and
Shumaker, 1981; Shumaker and Wilson, 1996). In West Virginia and Pennsylvania, the
east margin of the Rome trough generally follows the New York-Alabama lineament
(Donaldson and Shumaker, 1981).
Recent seismic study indicated that the east margin of the trough is defined by a
major normal fault (East-Margin fault) of large offset (Figure 3.19), whereas the western
margin, with local exception, is a rotational hinge (Shumaker and Wilson, 1996). Where
present, the faults on the west margin of the Rome trough are usually of small offset.
To the north, the trough is subdivided by a second, and in some places a third, major
normal fault, called the Interior fault (Figure 3.17). Of the bounding faults of the Rome
trough, the minor movement of the East-Margin fault (EMF) (Shumaker, 1993) has the
clearest expression on the Carboniferous interval.
The Warfield anticline is a low-relief fold northwest of and along the East-Margin
fault of the Rome trough in south-central West Virginia. Situated on the down-thrown
side of the East-Margin fault, this anticline is a shallow structure found only in the
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Rgure 3.19 Seismic section (location indicated in Figure 3.17) of a single-fold dynamite line which
extends about 70 km across the Rome trough. (From Shumaker and Wilson, 1996).
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intervals above the Ordovician Trenton Limestone (Gao, 1994; Gao and Shumaker,
1995).

Several small structures were detached during the Alleghanian orogeny

(Shumaker, 1993). Gao (1994) suggested that the formation of the Warfield anticline is
controlled by the East-Margin fault and influenced by three Precambrian lineaments: the
38th Parallel, Buming-Mann, and New York-Alabama.

WEST VIRGINIA DOME
The West Virginia dome is a positive structure centered in Randolph, Webster,
Upshur, Lewis, and Braxton counties of West Virginia, an area where the lower
Mississippian is very thin, or absent (Bjerstedt and Kammer, 1988; Boswell, 1988). The
dome is considered to be a growth structure of Early Mississippian age, that influenced
the depositional pattern in the region (Dally, 1956; Craig and Connor, 1979; Donaldson
and Shumaker, 1981; Yielding and Dennison, 1986; Kammer and Bjerstedt, 1986;
Boswell and Jewell, 1988; Zou, 1993). Based on this study, the West Virginia dome was
most active during the time when the sub-Greenbrier unconformity was developing.
Thinning or absence of the Lower Mississippian interval over the dome was mostly
attributed to the truncation related to the sub-Greenbrier unconformity.

NEAR SURFACE STRUCTURAL FEATURES
Surface and near surface structures in the central Appalachians were formed by
the Late Paleozoic Alleghanian orogeny (Shumaker and Wilson, 1996). Figure 3.20 is
the structural contour at the base of the Greenbrier Limestone. Figure 3.21 is the threedimensional view of the same structural surface. The northwest trending cross section
in Figure 3.22 shows the structural profile traversing the southern part of the study area.

64

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

£

%

OONTOURUtB
COUNTY BOUNDARY
hCARSJRFACE
ANTICUI^

mi

10

km

16

_

(

2100^ x V 'V %

_

B A S a e ^ T FAULT

%

Figure 3.20 Structural map at the base of the Greenbrier Limestone. Structural framework is based on
Shumaker and Wilson (1996).
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Generally, in the area over the Rome trough, the structural strike trends northeast,
following the trend of the Rome trough except where interrupted by the Burning Springs
anticline (Figure 3.20).

This relationship probably reflects control of the basement

configuration on the formation and orientation of the shallow structures. The eastern
part of the study area is a region of structural high with contours basically trending northsouth, based on the limited data points in that area. Along the Mann Mountain anticline,
the contours trend NNW. The most prominent near-surface structures in the study area
are the Burning Springs and Warfield anticlines.

The Burning Springs is a steeply

dipping anticline, and its structural closure is greater than 700 feet at the base of the
Greenbrier Limestone (Figure 3.20). The Warfield anticline is asymmetrical with steeper
flank to the southeast (Figures 3.20 and 3.22).

The Greenbrier structural surface

southeast of the Warfield anticline is several hundred feet deeper than the same surface
northwest of the Warfield anticline. Based on the cross section (Figure 3.22), structural
relief of the Warfield exceeds 900 feet. The Mann Mountain anticline is not as well
defined as the Burning Springs and Warfield anticlines. Possible reasons for this are:
(1) fewer control points (Figure 1.5), (2) the Mann Mountain anticline is located on a
west-dipping homocline (Figure 3.20), and (3) the Mann Mountain anticline does not
have structural closure as high as the Burning Springs and Warfield anticlines.
Nevertheless, structural contours become more closely spaced across the Mann
Mountain anticline (Figure 3.20).
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BASEMENT SUB-BLOCKS
Stratigraphic evidence from this study supports Donaldson and Shumaker’s
(1981) conclusion that the Paleozoic sedimentary cover in the central Appalachian
foreland was influenced by syndepositional differential basement-block displacement
and rotation. Shumaker and Wilson (1996) divided part of the central Appalachian basin
into several basement blocks (Figure 3.23) and discussed the influence of differential
subsidence of these basement blocks on the overlying Upper Cambrian to Mississippian
strata. This study further divided the study area into eight smaller basements blocks,
called sub-blocks (Figure 3.24), based on the known and inferred basement structures
and the observed stratigraphic anomalies.
The concept of basement sub-blocks implies that subsidence or uplift of the
foreland basin was not uniform under certain stress regimes. Subdivision of the study
area into eight sub-blocks does not necessarily imply that for any given rock unit all
these sub-blocks are well expressed in the stratigraphic record. The basement faults
may have been active in one period of time, but locked in another period. A detailed
discussion of the movement of basement faults and basement sub-blocks will be
presented in Chapter 9.
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Rgure 3.23 Major basement-related structures in the Appalachian basin (From Shumaker and
Wilson, 1996). The m'd-foreland hinge is the expression of the east-margin of the Rome trough
in the Paleozoic sedimentary cover (Shumaker and Wilson, 1996).
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Figure 3.24 Subdivisions of the basement sub-blocks in the study area based on known
and infened basement faults (see Figure 3.17) and stratigraphic anomalies recognized in
this and previous studies.
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CHAPTER 4:

SEQUENCE-BOUNDING UNCONFORMITIES

INTRODUCTION
The recognition of sequence-bounding unconformities is essential to sequence
stratigraphic analysis.

The identification of the four Carboniferous sequences in this

study was primarily based on the recognition of the sub-Berea (SB 1), sub-Greenbrier
(SB 2), sub-Ravencliff (SB 3), sub-New River (SB 4), and sub-“Mahoning” (SB 5)
unconformities (Figures 2.2, 2.9, and 3.16). This chapter will document the occurrence
and evidence for the unconformities, discuss their origins, and compare these
unconformities.
SUB-BEREA UNCONFORMITY (SB 1)
OCCURRENCE
A brief yet significant regression occurred

between

the Bedford-Berea

succession and the underlying Upper Devonian rocks (Pepper and others, 1954). This
event resulted in the sub-Berea unconformity. Strata below and above the sub-Berea
unconformity vary regionally (Figure 4.1).

The related subaerial erosion generally

decreases to the southwest, and in eastern Kentucky deposition continued from the
latest Devonian to the earliest Mississippian (Figures 4.1 and 4.2).
The sub-Berea unconformity is overlain in some areas by the Berea Sandstone,
which is capped by the Sunbury/Riddlesburg marine shales of the Early Mississippian
transgression (Bjerstedt and Kammer, 1988). In areas where the Berea sandstone is
absent, the Sunbury/Riddlesburg shales rest directly on the unconformity (Figure 4.1).
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Rgure 4.1 Stratigraphy of the Bedford-Berea interval and bounding stratigraphic units in the
Appalachian foreland basin. From Pashin and Ettensohn (1995).
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Rgure4.2 Bedford-Berea paleogeography, eastern Kentucky and West Virginia. Sand-rich
estuary and shelf deposits predominated on the eastern platform, and silt- arid mud-rich shelf,
slope, and basinal environments predominated in the oxygen-deficient western basin.
Structural control of sedimentation is apparent by preservation of the branching paleovalleyestuary deposit of the Gay-Fink trend between major basement faults in West Virginia and by
local deflection of isopach contours in the Berea Siltstone of eastern Kentucky (modified from
Pashin and Ettensohn, 1995).
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ASSOCIATED INCISED PALEOVALLEYS
Two linear sandstone trends, the Gay-Fink and the Cabin Creek (Pepper and
others, 1954; Larese, 1974), developed on the sub-Berea unconformity in West Virginia
(Figure 4.2).

The Gay-Fink and Cabin Creek trends were interpreted as incised

paleovalleys carving into a coastal plain and an exposed shelf during a sea-level
lowstand in the latest Devonian (Donaldson and Jewell, 1985; Donaldson and Boswell,
1986; Pashin and Ettensohn, 1995). Orientations of the Gay-Fink and Cabin Creek
paleovalleys suggest a southwestward paleoslope.
ORIGIN
Paleoslope and shoreline direction changed from the latest Devonian to the
earliest Mississippian in West Virginia (Figure 4.3). The Upper Devonian Catskill clastic
wedge prograded due west or WNW (Boswell, 1988), whereas the Bedford-Berea
succession was generally deposited on a southwestward paleoslope (Pepper and
others, 1954; Larese, 1974; Boswell, 1988; Pashin and Ettensohn, 1995).
Pashin and Ettensohn (1995) suggested that the change in basin geometry and
paleoslope resulted from southwestward migration of the Acadian tectonism from the
New York promontory to the Virginia promontory (Figure 4.4) and the prolonged
postorogenic uplift in the northern Appalachian orogen.

Ettensohn (1985) concluded

that the sub-Berea unconformity marks the beginning of the last (the fourth) tectophase
of the Acadian orogeny in the central Appalachians.

He (Ettensohn, 1985; 1994)

suggested that the sub-Berea unconformity was primarily caused by bulge moveout
(Figure 2.4A) at the initiation of this tectophase.
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Figure 4.3 Paleocurrent vectors indicate that basin tilting caused change from
a westward paleoslope during Catskill deposition to a southwestward paleoslope
during Bedford-Berea deposition (from Pashin and Ettensohn, 1995). This change
is interpreted by Pashin and Ettensohn (1995) to reflect southward migration of
the locus of Acadian deformational loading from the New York promontory to the
Virginia promontory (see Figure 4.4) in concert with prolonged relaxational uplift in
the northern Appalachians.
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Figure 4.4 Tectonic setting of the Catskill and Pocono dastic wedges. The Catskill and Pocono
wedges were shed from the Appalachian orogen during the Acadian orogeny. The Catskill wedge
was deposited after an Avalonian microplate collided with the New York continental promontory,
whereas the younger Pocono wedge was deposited after collision with the Virginia promontory.
From Pashin and Ettensohn (1995).
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This study recognizes the importance of tectonism in the paleoslope shift and the
sub-Berea unconformity development. However, this study agrees with interpretation of
Donaldson and Zou (1991) (Figure 2.5B) which concluded that the central Appalachians
experienced a post-orogenic rebound of the Acadian orogen and adjacent foreland
basin instead of another active plate collision at the Devonian-Mississippian transition as
proposed previously by Ettensohn (Ettensohn, 1985, 1994; Ettensohn and Pashin,
1993). The coeval eustatic sea-level lowering (Figure 2.9) recognized by Ross and
Ross (1985, 1988) and Veevers and Powell (1987) should have significant influence on
the subaerial erosion related to the sub-Berea unconformity.

The overlying Lower

Mississippian interval represents waning of the Acadian orogeny.

Consequently, the

sub-Berea unconformity probably marks the beginning of the post-orogenic uplift of the
Acadian orogen and adjacent foreland, which peaked at the time when the subGreenbrier unconformity formed.
SUB-GREENBRIER UNCONFORMITY (SB 2)
OCCURRENCE
By late Osagean to early Meramecian time, the majority of the central
Appalachian foreland basin was emergent, which resulted in the sub-Greenbrier
unconformity (Figure 4.5). Regionally, the eastern and central part of the Appalachian
basin experienced greater uplift and subaerial erosion (Ettensohn, 1994). Locally, the
West Virginia dome (Dally, 1956; Craig and Connor, 1979; Donaldson and Shumaker,
1981; Lewis, 1983; Kammerand Bjerstedt, 1986; Bjerstedtand Kammer, 1988, Yielding
and Dennison, 1986; Boswell and Jewell, 1988; and Zou, 1993) was the most positive
feature during the development of the sub-Greenbrier unconformity.
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CONTROL OF BASEMENT STRUCTURES
Influence of the basement structures on the sub-Greenbrier unconformity is
evident when comparing the local structural framework (Figure 3.17) with the preserved
Lower Mississippian thickness (Figure 4.6), the subcrop map of the sub-Greenbrier
unconformity (Figure 4.7), and the Lower Mississippian cross sections (Figure 4.8).
Several Rome trough margin faults (EMF_E, WMF_A, and WMF_B), the Buming-Mann
fault (BM), the 38th Parallel lineament, and the Beckley fault (Figures 3.17 and 4.6)
were apparently active during the latest Early Mississippian time. The East-Margin fault
probably resumed its initial down-to-the-trough motion whereas the Burning-Mann fault
was inversed during the formation of the West Virginia dome. The subcrop map at the
sub-Greenbrier unconformity (Figure 4.7) and the preserved Lower Mississippian
thickness (Figure 4.6) suggest control of BM and EMF_E and the 38th Parallel
lineament on the development of the West Virginia dome in the study area.
TRUNCATION AND ANGULAR DISCORDANCE
Well-log cross sections (Figure 4.8) show truncation of the Lower Mississippian
interval by the sub-Greenbrier unconformity and the angular discordance between the
strata separated by the unconformity. The Lower Mississippian strata tilt away from the
West Virginia dome. Dip angle apparently increases in the areas where the basement
faults are located.

The Lower Mississippian strata have a tabular geometry, and

thickness changes are primarily related to pre-Greenbrier erosion.
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Rgure 4.6 Isopach of the preserved Lower Mississippian (base of the Sunbury Shale to base of the
Greenbrier) in the study area.
Shaded patterns mark the areas where the Lower Mississippian is
partially eroded by the sub-New River unodnfomity.
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Figure 4.7 Subcrop map of the sub-Greenbrier unconformty in the study area (modified from Zou,
1993)
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Figure 4.8 Cross sections (LMS-AA* and LMS-EE1) showing the stratigraphic relationships between rock units above and below the sub-Greenbrier
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ORIGIN AND IMPORTANCE
Stratigraphic evidence from this and previous studies implies control of tectonism
on the sub-Greenbrier unconformity. The widespread emergence associated with the
unconformity, however, should be partly attributed to the coeval lowering in global sea at
the Osage-Meramecian boundary (Figure 2.9) (Ettensohn, 1994).
Regarding the tectonic mechanism, this study considers that the sub-Greenbrier
unconformity marks the climax of post-orogenic rebound of the decaying Acadian
orogen and the proximal foreland that occurred during the entire Early Mississippian.
Regional isostatic relaxation of the crust was strongly influenced by the reactivated
basement faults. The West Virginia dome was probably a basement arch between two
major depocenters: the Upper Devonian depocenter in eastern Pennsylvania and the
Upper Mississippian to Pennsylvanian depocenter in southeastern West Virginia and
adjacent Virginia (Donaldson and Shumaker, 1981).
The sub-Greenbrier unconformity not only controlled preserved thickness of the
Lower Mississippian interval, but it also influenced deposition and thickness of the
overlying Greenbrier Limestone.

This unconformity marks the end of sequence 1

(Berea-Maccrady sequence) and the beginning of sequence 2 (Greenbrier-Hinton
sequence) (Figure 2.9). The overlying Greenbrier carbonates represent the beginning
of another episode in the history of the central Appalachian foreland basin in terms of
both sequence stratigraphy and tectonics.
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SUB-RAVENCLIFF UNCONFORMITY (SB 3)
INTRODUCTION
A detailed study of the Mauch Chunk interval revealed a regional unconformity at
the base of the Ravencliff sandstone, named herein as the sub-Ravencliff unconformity.
The Ravencliff sandstone occurs stratigraphically between the Avis Limestone and the
Pride Shale (Figure 4.9).

Schalla (1984) and Wrightstone (1985) interpreted the

Ravencliff sandstone in McDowell and Wyoming counties of West Virginia as fluvialdeltaic deposits caused by southerly-flowing rivers. Detailed subsurface stratigraphic
evidence from this study indicates that these ancient Ravencliff rivers are incised valleys
developed during lowstand of sea level.

Moreover, this study concludes that the

Ravencliff paleovalleys were associated with a newly identified regional subaerial
erosional surface - the sub-Ravencliff unconformity.
EVIDENCE OF UNCONFORMITY
Paleovalley Erosion
Cores:

Kamm (1981), Kamm and Heald (1983) and Wrightstone (1985)

concluded based on core analyses of Ravencliff sandstone from Nicholas and Raleigh
counties that the basal contact of the Ravencliff sandstone with the underlying strata is
sharp and erosional (Figure 4.10).
Gamma-ray logs:

Gamma-ray log signature for the massive Ravencliff

sandstone typically exhibits a sharp basal contact (Figure 4.9), indicating erosional
rather than a transitional contact with the underlying rocks.
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Figure 4.9. Type log (Wyo-929) showing characteristics of the Pride Shale, Ravencliff
sandstone, and the Avis Limestone on geophysical logs, their relationship, and formation
boundaries.
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B e l l # I Core (Nicholas Co.)
NICHOLAS CO

Sfaam

sandstone /nfrac/asts

Figure 4.10 The basal contact of the Ravendiff sandstone with the underlying Avis (Little Stone
Gap) Limestone observed from Bell # 1 core in Nicholas County (modified from VWightstone,
1985). The contact is interpreted by Wh'ghtstone (1985) as erosional. The pebbly sandstone of
unidirectional cross-beds was deposited on the erosional surface of the Avis Limestone.
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Cross sections:

Channel downcutting is apparent on most of the nine

Ravencliff cross sections (Figure 4.11) shown in Figures 4.12 to 4.20.

Multiple

paleovalleys (Figure 4.13) occurred in the study area, some of which probably were
tributaries to the main paleovalley. Generally, the paleovalleys carved into older rocks
northward.

In areas north of northern Raleigh County, the Ravencliff paleovalleys

usually cut through the Avis Limestone into middle and lower parts of the Hinton
Formation.

Farther north in northern Clay, Braxton, Gilmer, Calhoun and Roane

counties, the paleovalleys cut into the Bluefield Formation.
Thickness maps:

Comparison between the Avis Limestone and Ravencliff

sandstone isopach maps (Figure 4.21) indicates that absence of the Avis Limestone in
western Nicholas, Fayette counties and part of Raleigh County is apparently attributed
to erosion related to the Ravencliff paleovalley.
Angular Discordance and Regional Trend
Detailed subsurface correlation of the Ravencliff cross sections (Figures 4.12 to
4.20) suggests that the Ravencliff sandstone filled paleovalleys rather than individual
stream channels as suggested earlier by Shalla (1984) and Wrightstone (1985).
Furthermore, the Ravencliff paleovalleys are associated with an areally extensive
erosional surface—the sub-Ravencliff unconformity (SB 3). Using the Pride Shale as
datum, an angular contact is apparent between the strata above and below the subRavencliff unconformity (Figures 4.16 to 4.20).
The stratigraphic position of the sub-Ravencliff unconformity changes across the
study area. In areas of massive Ravencliff sandstone, the unconformity is located at the
base of the sandstone (Figures 4.12 to 4.20). To the southeast where the sandstone is
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Index map for the Ravencliff cross sections.
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Ravencliff stratigraphic cross section RC-BB'.
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Figure 4.16 Ravencliff stratigraphic cross section RC-EE.
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Figure 4.21 Comparison between thickness maps of the Ravencliff sandstone and the Avis
Limestone in the study area, suggesting replacement of the Avis Limstone by the Ravencliff
sandstone along the trend of the Ravencliff paleovalley.
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absent, the unconformity probably occurs at the base of the Princeton Sandstone and
on rocks of the Hinton Formation above the Avis Limestone (Figures 4.15, 4.18, and
4.20). In some areas of western Fayette, Raleigh and eastern Kanawha counties, this
unconformity occurs directly on the partially eroded Avis Limestone (Figures 4.13, 4.14,
4.15, 4.17, 4.18, and 4.19). In areas where the Ravencliff sandstone is absent and the
Avis Limestone is eroded, the unconformity rests on strata older than the Avis
Limestone (wells Nic-571 and Nic-524 in Figure 4.13).
Vail (1959) and Englund and Thomas (1990) reported an unconformity at the
base of the Princeton Sandstone in the outcrop belt at the southeastern edge of the
central Appalachian basin. This unconformity is probably the same erosional surface as
the sub-Ravencliff unconformity. Chapter 7 will discuss the relationship between the
Ravencliff Formation and the Princeton Sandstone.
The amount of subaerial erosion related to the sub-Ravencliff unconformity
increases to the northwest and the north.

Northward, the unconformity removed

increasingly older rocks in northern West Virginia.

Presley (1977) recognized and

named the Goodhope sandstone in the lower part of the Mauch Chunk in Lewis and
Harrison counties of northern West Virginia (Figure 4.22). The present author’s study
for oil and gas exploration in western Harrison County confirmed the existence of the
Goodhope Sandstone.

There, this massive sandstone exhibits a blocky pattern on

gamma-ray logs, shoestring geometry in its distribution, and a thickness up to 120 feet.
The base of the sandstone rests on the scoured rocks and the associated channels may
cut into the upper Greenbrier Limestone. Presley (1977) reported similar sandstones in
western Marion and western Monongalia counties. Barlow (1996) showed a narrow yet
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Figure 4.22 Isopach map and cross sections of the Goodhope sandstone in Lewis and Harrison counties, northern VVtest Virginia
(modified from Presley, 1977).

unnamed massive sandstone at the Pennsylvania-West Virginia border (Figure 4.23).
This sandstone, which extends through the Reynolds Limestone (Little Lime) and
replaces part of the Greenbrier Limestone, appears to be the Goodhope equivalent.
Based on their stratigraphic positions and areal distributions, the present author
suggests that the Goodhope sandstone of northern West Virginia is the equivalent of the
Ravencliff sandstone of southern West Virginia (Figure 4.24).
ORIGIN AND SIGNIFICANCE
Recognition of the sub-Ravencliff unconformity not only will increase our
understanding of the subsurface Mauch Chunk stratigraphy in West Virginia, but also is
important to the reconstruction of the tectonic history of the central Appalachian foreland
basin. The Ravencliff paleovalley systems indicate a southward paleoslope, and the
tilted subjacent strata of the sub-Ravencliff unconformity imply involvement of tectonism.
Tectonism responsible for the sub-Ravencliff unconformity may be related to an active
tectonic loading at the North American continental margin to the southeast (southern
Appalachians). The sub-Ravencliff unconformity could represent loading relaxation of
the lithosphere in response to this tectonic event. On the other hand, plate collision in
the Ouachita orogenic belt far to the south could have influenced the development of the
sub-Ravencliff unconformity.

Whatever the causes, the delineation of the regional

angular sub-Ravencliff unconformity requires a reinterpretation of the evolution of the
Appalachian basin.
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Figure 4.23 A gamma-ray log cross section modified from Barlow
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Figure 4.24 Sketch showing possible correlation between the Ravencliff sandstone of southern West Virginia
and the Goodhope sandstone of northern West Virginia. The unconformity at the base of the Ravencliff and the
Goodhope sandstones represents an event of regional structural uplift and subaerial exposure within the Upper
Mississippian Mauch Chunk Group in the central Appalachians.

SUB-NEW RIVER UNCONFORMITY (SB 4)
The Mississippian-Pennsylvanian contact in the central Appalachian basin has
been traditionally treated as an unconformity (White, 1891, 1904; Wanless, 1939;
Bransin, 1962; Arkle, 1974; Arkle and others, 1979).

This unconformity changes

southeastward from an inter-systemic (Mississippian-Pennsylvanian) unconformity to an
intra-systemic (Lower Pennsylvanian) unconformity, and then it becomes conformable at
the eastern edge of the central Appalachian basin (Englund, 1974; Chesnut, 1988;
1989; 1991; Ettensohn, 1994). As a result, various names have been applied to this
unconformity, including the Mississippian-Pennsylvanian, sub-Pennsylvanian, Early
Pennsylvanian

and

mid-Carboniferous

unconformities,

and

the

Monday Creek

disconformity. Throughout the study area, this unconformity occurs mostly at the base
of the New River Formation, and is here renamed as the sub-New River unconformity,
thereby avoiding any age controversy.
EVIDENCE OF UNCONFORMITY
Truncation and Onlap and Angular Discordance
The northwest-trending regional cross sections (Figures 3.3 to 3.8) show that the
New River Formation rests northwestward on progressively older strata, from the Early
Pennsylvanian to the Early Mississippian, in the study area. Angular discordance at the
sub-New River unconformity is evident on a northwest-trending cross section using the
unconformity surface as datum (Figure 4.25). This cross section shows the truncation of
the subjacent strata and onlap of the superjacent strata. The subjacent strata dip to the
southeast, whereas the superjacent strata onlap the unconformity surface and become
younger northwestward.
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Figure 4.25 A northwest-trending cross section showing stratigraphic relationship between strata separated by the sub-New River unoonfomity in
the study area. The sub-New River unconformity is the datum for the cross section. The structural framework in the index map is from Shumaker
andVWson (1996).

Regional erosional patterns of the sub-New River unconformity are shown in a
subcrop map (Figure 4.26) generated in this study from approximately 1400 well logs.
Beuthin (1989) constructed a similar subcrop map for northwestern West Virginia using
350 well points. His most recent revision (Beuthin, 1994) is presented in Figure 4.27.
These two maps (Figures 4.26 and 4.27) are quite similar, although small differences
exist in some areas.

The regional erosional patterns (Figure 4.26) suggest

northwestward increasing uplift and truncation.

The local trends of deep erosion

resulted from the associated valley incision.
Paleovalley and Topographic Relief
During the development of the sub-New River unconformity, the study area was
dissected by incised valleys, which is discussed in more detailed in chapter 8. Figure
4.28 is a cross section traversing a major incised valley in northwestern West Virginia.
This incised valley cut through the Mauch Chunk and the Greenbrier and removed part
the Lower Mississippian rocks. Well ROA-3450 is located approximately midway across
the valley and contains an incised-valley fill of approximately 300 feet of massive
sandstone of the New River Formation. The undulating surface at the sub-New River
unconformity suggests over 200 feet of relief associated with the unconformity.
ORIGINS
The sub-New River (or Mississippian-Pennsylvanian) unconformity could have
resulted from A.) eustatic lowering of sea level, B.) regional tectonic uplift, or C.)
combination of these two components. Much of the debate about its origin was mainly
about the relative importance of eustasy and tectonics for the development of the
unconformity.
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Figure 4.28 Stratigraphic cross section showing New River indsed-valley fill in northwestern West Virginia. Top of the New River Formation is the datum This cross section
traverses one of the major New River paleovalleys in the study area.
In this cross section, the deepest part of the paleovalley (at well Roa-3450) rests on the rocks of the
Lower Mssissippian. Palecfopographic relief varies along the unconformity with greatest relief above valley bottom at sites A and B.

Saunders and Ramsbottom (1986) suggested that the prominent MississippianPennsylvanian unconformity in North America reflects a global lowering of sea level at
Mississippian-Pennsylvanian

transition

(Vail and

others,

1977b; Saunders and

Ramsbottom, 1986; Veevers and Powell, 1987; Ross and Ross, 1985, 1988). In the
Pocahontas basin, this eustatic event probably occurred very near the PocahontasBluestone contact approximately coinciding with the Mississippian-Pennsylvanian
boundary (Beuthin, 1994; 1997) (Figure 4.29). Dennison (1989) attributed development
of the Mississippian-Pennsylvanian unconformity to tectonoeustasy, and Beuthin (1994,
1997) argued that eustasy is a dominant control.
The Quinlan-Beaumont model for foreland basins (Quinlan and Beaumont, 1984;
Beaumont and others, 1988) (Figure 2.4) has been widely applied to explain the
mechanisms of the tectonic origin of the unconformity (Quilan and Beaumont, 1984;
Tankard, 1986a, 1986b; Chesnut, 1988, 1991; Ettensohn, 1993, 1994).

Ettensohn

(1993, 1994) suggested that the Early Pennsylvanian unconformity resulted from
northwestward peripheral-bulge moveout that accompanied inception of the Alleghanian
orogeny (Figures 2.4A). Tankard (1986a) and Chesnut (1988, 1991), on the other hand,
preferred the erosional-rebound mechanism (Figure 2.4C).
This study recognizes the involvement of tectonism in the development of the
sub-New River unconformity but prefers the loading relaxation mechanism (Figure 2.4B)
based on evidence such as: (A) differential subsidence/uplift in the foreland basin, (B)
angular contact of the unconformity and sequential truncation, (C) areal distribution of
the unconformity; and (D) influence of reactivation of basement faults.
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Rgure 4.29 Correlation of the Upper Mississippian Bluestone Formation
arid Lower Pennsylvanian Pocahontas Formation with the standard rridCarboniferous succession in western Europe illustrating an apparent
Mississippian-Pennsylvanian unconformity in southern V\fest Virginia.
Correlation of the Pocahontas Formation with Namurian B Series
(Kinderscoutian and Marsdenian stages) is after Gillespie and Pfefferkom
(1977,1979), Pfefferkom and Gillespie (1982), and Gillespie and others
(1989). Assignment of the Bram/vell Member of the Bluestone Formation
to the Amsbergian Stage of the Namurian A Series is based on biostratigraphic data reported in Repetski and Henry (1983).
(Modified from
Beuthin, 1994.)
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Timing
Figure 4.30 shows the sub-New River unconformity and its relation to other
erosional surfaces. In this scheme, the Ravencliff-Bluestone-Pocahontas succession is
treated as a relatively conformable sequence bounded by the sub-Ravencliff and subNew River unconformities.

Although a Mississippian-Pennsylvanian unconformity

probably occurred in the Pocahontas basin (Rice, 1985; Beuthin, 1994, 1997), it is not
as important as the other sequence boundaries in the study interval.

The central

Appalachian foreland basin was also probably influenced by eustatic lowering of sea
level during the Early Pennsylvanian, but this event is overshadowed by the sub-New
River unconformity or the Early Pennsylvanian unconformity of Chesnut (1988, 1989,
1991) and Ettensohn (1994).
As discussed previously, truncation associated with the sub-New River
unconformity increased northwestward in the study area. This change probably reflects
differential subsidence/uplift that the basin experienced from the Greenbrier (Upper
Mississippian) to the Middle Pennsylvanian. The distal foreland likely had undergone
longer period of subaerial exposure and erosion than the proximal foreland basin.
Loading Relaxation Origin
The sub-New River unconformity more likely resulted from loading relaxation of
the crust based on evidence of (1) its areal distribution, (2) dip direction of the subjacent
strata, and (3) trend of truncation. A coeval global lowering of sea level (Figure 2.9)
might have enhanced the subaerial erosion and resulted in a second-order sequence
boundary in the central Appalachians.
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Figure 4,30 Timing of the "Mississippian-Pennsylvanian" unconformity in the central Appalachians (A) and its relation
with the other unconformities in the study area (B). The "Mississippian-Pennsylvanian" unconformity refers to the
unconformities formed during latest Mississippian (Mississippian-Pennsylvanian unconformity) and Early Pennsylvanian
(Early Pennsylvanian unconformity) in the central Appalachians.

The sub-New River unconformity truncates the underlying strata progressively
toward the northwest, approaching the peripheral bulge (the Cincinnati Arch).
Southeasterly-dipping subjacent strata also suggests growing of the peripheral bulge
(the Cincinnati Arch) of the foreland. The Cincinnati Arch probably had experienced
prolonged uplift due to loading relaxation after Greenbrier time.

Such relaxation

accelerated probably during the Early Pennsylvanian, resulting in widespread subaerial
exposure and erosion.
Bulge Movement
The Quinlan-Beaumont foreland basin model predicts lateral migration of the
peripheral bulge in a foreland basin (Figure 2.4).

However, Shumaker and Wilson

(1996) indicated that seismic and stratigraphic evidence does not support a migrating
peripheral bulge in the central Appalachians foreland.

Goodmann and Rast (1995)

argued that the Cincinnati Arch remained in the same position throughout the
Phanerozoic, being an isostaticaliy buoyant structure overlying a Precambrian rift basin
or a Grenville foreland basin. Although the loading-relaxation mechanism (Figure 2.4B)
is applied in this study to explain the development of the sub-New River unconformity,
vertical movement of the bulge is emphasized (Figure 4.31).
The hypothesis of a migrating peripheral bulge (Figure 2.4) assumes a laterally
homogeneous lithosphere. However, the basement of the Appalachian basin, dissected
by various basement faults, is heterogeneous. The wave-like bulge migration predicted
by the Quinlan-Beaumont model was probably hindered by these basement faults. As a
result, the basement responded to the regional stress by differential subsidence/uplift
and differential tilt of basement blocks or sub-blocks.

115

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

DISTAL
FORELAND

PROXIMAL

▼

DISTAL
FORELAND

A:

PROXIMAL
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As the relaxation continues, the periphral bulge is progressively uplifted. The faulted distal foreland is also
elevated through differential uplifting and tilting o f the basem ent blocks o r subblocks. Meanwhile, the proximal
foreland becom es d e ep e r and narrower. In the whole process, the peripheral bulge basically remains at the
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Figure 4.31 A hypothesis presented by this study on the loading relaxation of the foreland
basin and the peripheral bulge. This model is based on the Quinlan-Beaumont model
(Figure 2.4) but emphasizes the influence of crustal heterogeneity in the form of basement
faults on foreland basin evolution.
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SUB-“MAHONING” UNCONFORMITY (SB 5)
Several previous studies suggested an unconformity at the base o f the Upper
Pennsylvanian strata in the central Appalachians.

In the regional summary of the

Pennsylvanian-Mississippian stratigraphy of the central Appalachians, Arkle (1974)
inferred an unconformity at the top of the Charleston Sandstone to resolve the
correlation problem between the older and younger mining districts.

Examination of

megafloral evidence by Wagner and Lyons (1997) revealed a stratigraphic gap at the
base of the Upper Pennsylvanian in the Appalachian basin (Figure 4.32). Wagner and
Lyons (1997) placed this unconformity at the base of the Mahoning Sandstone in
northern West Virginia and at the base of the “Mahoning" Sandstone of Campbell and
Mendenhall (1896) and Campbell (1901, 1903) in central and southern West Virginia.
An ongoing study by Bascombe M. Blake (Blake, 1998, personal communication) also
suggests a major unconformity at the base of the “Mahoning" Sandstone.
In terms of sequence stratigraphy, another depositional sequence is expected to
begin somewhere within the interval from the Charleston Sandstone to the basal
Conemaugh Group. The well-log cross sections indicate that the Charleston Sandstone
is quite similar to, though not as massive as, the New River sandstones, and its
immediately overlying strata in the lower Conemaugh is basically a shaly interval like the
Sunbury, Pride, and Betsie shales.

Based on this and previous studies of other

workers, an unconformity may be tentatively placed at the base of the “Mahoning"
Sandstone in the study area and named the sub-“Mahoning" (Figures 2.2, 2.9 and 3.16).
The sub-“Mahoning” unconformity thus forms the upper sequence boundary of the New
River-Charleston sequence.
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Figure 4.32 Diagram showing the North American lithostratigraphic units and the gap at the base of the Upper Pennsylvanian Series,
and their proposed correlation in terms of the standard European chronostratigraphic divisions, (after Wagner and Lyons, 1997)

The Middle-Upper Pennsylvanian boundary seemingly coincides with changes in
both eustatic sea level and regional tectonism. This boundary corresponds to a time of
increased tectonic subsidence, a decrease in coal reserves, a major extinction among
plant groups, and a relatively abrupt decrease in wetness (Willard and Klein, 1990). The
sub-“Mahoning” unconformity also is coincident with a glacioeustatic lowstand during the
Stephanian suggested by Veevers and Powell (1987). The present study noticed that
the central Appalachian foreland probably experienced post-orogenic rebound during
Charleston Sandstone time based on tabular geometry of the clastic wedge,
northwestward migration of basin center, and basement behavior. This tectonic regime
(see chapter 9 for more discussion) is supported by Bascombe M. Blake’s (Blake, 1998,
personal communication) study that the sub-“Mahoning” unconformity truncated
subjacent strata (the Allegheny Formation and Charleston Sandstone) progressively
from northern to southern West Virginia.

This trend probably indicates uplift of the

proximal foreland and the orogenic belt in southern Appalachians at the Middle-Upper
Pennsylvanian transition. Nevertheless, more study is needed to confirm the existence
and document the exact nature of the sub-“Mahoning” unconformity.
SUMMARY
The five unconformities discussed above are considered as type-1 sequence
boundaries, which resulted from a relative sea-level fall (Van Wagoner and others,
1988).

These unconformities differ from one another in their spatial distribution,

duration, and structural dip direction.

Most of these unconformities involve tectonic

influence. In terms of flexural models for foreland basins, the sub-Ravencliff and subNew River unconformities were probably related to loading-relaxation regime, whereas
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the sub-Berea, sub-Greenbrier, and sub-“Mahoning” unconformities were likely
associated with postorogenic rebound. A Eustatic component seemingly accompanies
all of these unconformities. If this is true, there probably is a relationship between the
global sea-level change and the regional tectonism at the North American continental
margin.

Of the five unconformities, the sub-Greenbrier, sub-New River, and sub-

“Mahoning" unconformities probably experienced prolonged subaerial exposure;
whereas the sub-Ravencliff and sub-Berea spanned a relatively short time.

Incised

valley systems were recognized on the sub-Berea, sub-Ravencliff, and sub-New River
unconformities. The extent and depth of the associated incised paleovalleys appear to
be related to duration and nature of the unconformity.

From sub-Berea, to sub-

Ravencliff, and to sub-New River unconformities, the associated incised paleovalleys
increase in their extent and depth.
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CHAPTER 5:

BEREA-MACCRADY SEQUENCE
INTRODUCTION

The Berea-Maccrady sequence (sequence 1) is bounded below by the subBerea unconformity (SB 1) and above by the sub-Greenbrier unconformity (SB 2)
(Figure 3.16). Sequence components include transgressive systems tract (the Berea
Sandstone) and highstand systems tract (Sunbury-Price-Maccrady).

The maximum

flooding surface (represented by the Sunbury Shale) is a very important component of
the sequence, and thus it is separated from the highstand systems tract in the
discussion.
In this chapter, several Lower Mississippian cross sections are presented to
show the sequence components, their characteristics, the truncation of the units under
the sub-Greenbrier unconformity, and the variations in thickness.

The Lower

Mississippian is an interval adequately documented by other workers who studied
depositional environments, paleogeography, source areas, and intra- and extra-basinal
tectonic controls.

Figure 5.1 illustrates the paleogeographic changes from the latest

Devonian through the Lower Mississippian in the central Appalachian foreland basin.
GENERAL STRATIGRAPHIC FRAMEWORK
Five cross sections were constructed specifically for the Lower Mississippian
interval (Figure 5.2 and 5.3). The base of the Greenbrier Limestone is the datum for
these cross sections. Sequence elements are labeled on each cross section together
with lithostratigraphic terminology.

Regional cross sections presented in chapter 3

provide additional subsurface information on the Lower Mississippian interval.
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The Lower Mississippian isopach (Figure 4.6) displays variations in thickness
which largely resulted from post-depositional truncation by the sub-Greenbrier
unconformity.

The thick Lower Mississippian succession observed in the eastern

outcrop belt is primarily derived from rapid increase in thickness of the Maccrady
Formation (Figure 5.4). Anomalously thick Maccrady in this region essentially resulted
from post-depositional processes, such as tectonic thickening associated with thrust
faults (Withington, 1965; Muangnoicharoen, 1978; Wame and Dennison, 1988).
According to Englund and Thomas (1990), the Price Formation is approximately 600
feet thick at the southeastern and northwestern edges of the Appalachian Plateaus.
This thickness is slightly less than values recorded in the southeastern part of the study
area (estimated thickness of the Price Formation can be obtained by subtracting the
Maccrady thickness in Figure 5.4 from the thickness of the Lower Mississippian in
Figure 4.6).

The cross sections suggests that the Lower Mississippian interval is

basically uniform in thickness in the study area, thickening slightly southwestward and
southward, which probably reflects influence from the growing West Virginia dome.
The transgressive systems tract (the Berea Sandstone) is relatively thin, usually
less than 40 feet thick in the study area. The highstand systems tract (HST), including
its basal MFS (Sunbury-Riddlesburg shales), shows an overall coarsening-upward
trend, resulting from the southwestward progradation of the Price clastic wedge. The
highstand systems tract is the dominant thickness.

Within the progradational HST,

massive sandstones occur from the Middle Weir upward. The Middle Weir and Upper
Weir sandstones (Figures 3.4, 3.5, 3.9, 3.11, 3.12, and 5.1) are limited to the
southeastern

part

of

the

study

area

within

a

vertically-stacked

125

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

sandstone

Reproduced
with
permission
of the copyright ow ner.

/

7“

A -v

\

<

/'

i. / \

v

Further reproduction

\

V /

V

,-c

'

/I V
K )A J
X I
AT £
r W

/

i

“" A
v < i °°M/
-A~200

8

prohibited

400

«s

LEGEND

hOO

iio o o /^

1—

without p erm is sio n .

T

ffa

&

troubles Creek
JStrouble

t*

K A
-

100-

,1600

•50

-

A /lei / .

V. . /

A—

V

’

cc

Maccrady Formation outcrop

- 9

.Thickness In feet of Maccrady
Formation

^ i > .
" Y n P

Area where Greenbrier Limestone
rests directly on Pocono Forma
tion (from Flowers, 1966)

. -------V
J

Isolated red shale at approximate
horizon ol Maccrady Formation
(from Flowers, 1956)

/

0

10

20

30

40

SO mi

0 10 20 30 40 SO 60 70 km

Figure 5.4 Thickness of Maccrady Formation in West Virginia, eastern Kentucky and southwestern Virginia (from Dennison and
Wieeler, 1975).

/

belt (Zou, 1993) primarily confined between the Warfield anticline and the East-Margin
fault of the Rome trough. The Price Big Injun sandstone extends farther to the west
covering almost the entire study area, whereas the Maccrady Big Injun sandstones
(Figures 3.4, 3.15, 5.2, and 5.3) are mainly concentrated along the western edge of the
Rome trough (Zou, 1993; Zou and Donaldson, 1994).

The Maccrady Big Injun

sandstones become locally thick and massive in Mason, Cabell, and Putnam counties,
West Virginia, where Zou (1993) interpreted it as paleovalley fill trending northwestsoutheast over the western edge of the Rome trough.
Intervals within the undivided Lower Mississippian demonstrate a fairly uniform
thickness at their deposition throughout the study area based on the correlations of
sandstone makers on the cross sections. The tabular geometry of the Berea-Maccrady
sequence probably indicates minimal subsidence of the foreland basin and possible
erosional rebound of the tectonic load and proximal foreland to the northeast.

BEREA SANDSTONE
DEPOSITIONAL TREND
The Berea Sandstone and its equivalents are widespread in eastern Ohio,
eastern Kentucky, northwestern Pennsylvania, western and central West Virginia, and
southern Virginia (Pepper and others, 1954). Sandstone is restricted to northern Ohio,
West Virginia, and part of southwestern Virginia, whereas siltstone is present throughout
the remainder of the region (Ettensohn and Dever, 1979; Pashin and Ettensohn, 1995).
Depositional environments of the Berea and equivalent strata range from fluvial,
estuary-deltaic, inner shelf, outer shelf, slope, to anaerobic basin (Larese, 1974;
Boswell, 1985, 1988; Donaldson and Jewell, 1985; Donaldson and Boswell, 1986;
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Pashin and Ettensohn, 1995) (Figure 4.2).

Paleogeographic reconstruction indicates

that the basin experienced regional paleoslope reorganization during DevonianMississippian transition (Figures 4.3 and 5.1) as discussed in chapter 4.
Within the study area, the Berea Sandstone occurs as shoe-string deposits in
two linear trends, the Gay-Fink and the Cabin Creek channels of Pepper and others
(1954) and Larese (1974) in central West Virginia (Figure 5.5). These linear trends
extend southwestward into a widespread, sheet-like sand deposit of nearshore
environments (Pepper and others, 1954; Larese, 1974).
The Gay-Fink and Cabin Creek trends have been interpreted as fluvial deposits
(Pepper and others, 1954; Larese, 1974) within incised paleovalleys. The paleovalleys
were incised into the coastal plain during a major regional regression and subsequently
filled with fluvial, then estuary-deltaic deposits capped first by more extensive blanket
marine sands, then by black mud during transgression of the Sunbury sea (Donaldson
and Jewell, 1985; Donaldson and Boswell, 1986).

Pashin and Ettensohn (1995)

interpreted the Gay-Fink trend as a dendritic paleovalley-estuary system and the Cabin
Creek trend as a funnel-shaped paleovalley-estuary system (Figure 4.2).
In terms of sequence stratigraphy, the Gay-Fink and Cabin Creek trends
represent incised paleovalleys.

The paleovalleys filled with fluvial sands during the

stillstand and the transgression, with increasing marine influence upward. The channel
like and sheet-like Berea sandstones in the study area represent the transgressive
systems tract of the Berea-Maccrady sequence. Part of the Bedford-Berea succession
in eastern Kentucky, a basinal area during Berea time, should preserve depositional
records of the lowstand systems tract of the sequence.
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SOURCE AREAS
Generally the

Berea sandstone

is mineralogically

mature, with

quartz

predominant and a few percent each of chert, unaltered feldspar, and rock fragments
and lesser amount of heavy minerals (Pepper and others, 1954). The Berea siltstone in
Ohio was postulated by Pepper and others (1954) to have originated from a cratonic
source in eastern Canada, transported by the ancient Ontario River.

Pashin and

Ettensohn (1995) suggested recycled orogenic sources, i.e., the recycled Catskill clastic
wedge, for the Berea Sandstone and equivalents. Larese (1974) suggested that some
of the Berea sediment in the Gay-Fink and Cabin Creek trends and on the shelf was
derived from erosion of the channels that carved into the Upper Devonian Gantz delta.

INTRA-BASINAL TECTONIC CONTROL
Larese (1974) recognized influence of faults or fractures on the Gay-Fink and
Cabin Creek trends. This control is reflected in the linear feature of the Gay-Fink and
the Cabin Creek trends, high-angle intersection of the tributaries with the main channel
in the Gay-Fink, and the sharp meandering bend in the Cabin Creek trend (Figure 5.5).
The lower reach of Gay-Fink channel was confined mainly within the Rome
trough, whereas the upper reach of the trend deflects to the east and follows the trend
of a cross-strike feature, the Barbour fault (Boswell, 1988) (Figure 5.5). The Cabin
Creek’s geometry and trend are suggestive of a fault-controlled channel (Figure 5.5).
The lower reach of Cabin Creek in Kanawha and Boone counties follows the trace of the
East-Margin fault; and the “upper reach” in Nicholas County appears to be defined by
the inferred Summersville fault. The southward sharp bend of the channel in western
Fayette County parallels the trends of the Buming-Mann fault and the inferred Gauley
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Mountain anticline, which may indicate possible influence from a fault or fracture system
parallel the Buming-Mann fault. The West Virginia dome seemed to be a topographic
high during Berea time. This positive area served as drainage divide between the GayFink and the Cabin Creek river systems (Larese, 1974).

SUNBURY/RIDDLESBURG SHALES
DEPOSITIONAL ENVIRONMENTS
Maximum marine flooding in the Berea-Maccrady sequence is represented by
the Sunbury/Riddlesburg shales. Most of the current workers (Ettensohn and Barron,
1981; Ettensohn, 1984; Bjerstedt and Kammer, 1988; Ettensohn and others, 1988)
supported a deep-water origin for the Sunbury Shale. This black shale was deposited
primarily in an anaerobic environment with water depths estimated over 160 m by Rich
(1951), 230 m by Ettensohn and Barron (1981) and Ettensohn, (1984), and 150 m by
Bjerstedt and Kammer (1988). To the east the Sunbury transgression is represented by
the Riddlesburg Shale, a unit of shales, thin-bedded siltstones and scour-based, fine
grained sandstones commonly with wave-rippled surfaces and low-angle cross
lamination (Kammer and Bjerstedt, 1986).
Dampening of the gamma-ray response (Figures 5.2 and 5.3) reflects transition
of the Sunbury to the Riddlesburg due to increase in clastic material and less aerobic
conditions. The Riddlesburg facies was deposited in shallow shelf and open-bay facies
in southwest Pennsylvanian and West Virginia and in more restricted barred-bay and
estuarine-tidal flat systems

eastward

in western

Maryland

and

south-central

Pennsylvania (Bjerstedt and Kammer, 1988). The Sunbury transgression is primarily
eustatic in origin (Bjerstedt and Kammer, 1988; Slingerland and Beaumont, 1989).
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INTRA-BASINAL TECTONIC CONTROL
Facies change during Sunbury time reflects relict topography on the sub-Berea
unconformity, which is, in part, structurally controlled. The transition zone between the
basinal Sunbury and the shallow-marine Riddlesburg coincides with the Buming-Mann
fault (Figure 5.6A). The thicker, basinal black Sunbury Shale is limited to the area west
of the Buming-Mann fault; the thinner, black Sunbury Shale is basically on the BumingMann trend; whereas the thick silty Riddlesburg Shale is to the east of the BumingMann (Zou, 1993). Control of the southern part of the Burning-Mann fault is evident on
the Sunbury Shale High Radioactivity Limit Map of Jewell (1988, Figure 10).

PRICE AND MACCRADY FORMATIONS
DEPOSITIONAL ENVIRONMENTS
The Price Formation records the first southwestward progradation of terrestrial
sediments following the Sunbury maximum marine flooding in the central Appalachian
foreland basin. This formation displays a wide spectrum of deposystems from outer
shelf turbidite fans and storm deposits to fluvial-deltaic and alluvial systems (Bjerstedt,
1986; Bjerstedt and Kammer, 1988; Boswell, 1988; Zou, 1993). The Maccrady red beds
were deposited in coastal to alluvial settings, and a variety of depositional environments
have been reported by previous studies, including: alluvial plain (Bjerstedt and Kammer,
1988; Jewell, 1988), tidal flat (Blancher, 1974) and arid sabkha environment (Bartlett,
1974), and near-shore swamp environment (Englund and Thomas, 1990).
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Rgure 5.6 Distribution and thickness of selected units of the Lower Mississippian and their possible
influence by some basement structures. Distribution of the Sunbury and Riddlesburg shales, thickness
of the Weir sandstones, and the areal distribution of the sub-Greenbrier unconformity are modified from
Zou (1993). Structural elements (in map B) are from Shumaker and VWIson (1996) and this study.
Notice possible control of the Buming-Mann fault on the Sunbury and Riddlesburg shales and the
Lower Weir sandstone, and control of the East-Margin fault and Warfield anticline on the Middle and
Upper Weir sandstones.
133

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

The central Appalachian foreland experienced minimal subsidence during PriceMaccrady time (Boswell, 1988; Chesnut, 1988; Matchen, 1992). The Price-Maccrady
clastic wedge generally prograded southwestward, with source areas to the northeast
and east and the basinal environment to the southwest in eastern Kentucky and
southwestern Ohio (Figure 5.1).

The highstand systems tract show an overall

coarsening-upward succession of relatively uniform thickness over a large area, which
indicates rapid progradation of a fluvial-deltaic system across a slowly subsiding
foreland basin (Boswell, 1988). This condition is suggestive of erosional rebound of the
tectonic load and proximal foreland as was indicated by Donaldson and Zou (1992).
Although uniform in thickness, the regional facies changes across the West
Virginia dome. According to Bjerstedt and Kammer (1988) and Carter and Kammer
(1990), the West Virginia dome was probably a positive region during Price time. North
of the dome, the Price Formation displays more nonmarine facies, with shallow-water,
fluvial-dominant deltaic systems prograding into the Riddlesburg facies; south of the
dome, the Price Formation is mainly marine, with marine-dominant deltaic systems
prograding into a deeper-water basin in southern West Virginia.

The important

boundary separating these two domains is the Buming-Mann fault and the 38th Parallel
lineament.

ALLO-UNITS OR PARASEQUENCE SETS
The general southwestward progradation of the Price deltaic systems was
occasionally interrupted by minor sea-level transgression. Consequently, superimposed
on the overall coarsening-upward succession of the highstand systems tract are small
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Figure 5.7 Regional stratigraphic cross section of the Lower Mississippian interval. The base of the interval
is the Sunbury Shale; the top of the interval is truncated by the sub-Greenbrier unconformity. Datum is the
Sunbury Shale. Wall numbers correspond to the state permit numbers used by the West Virginia Geological
and Economic Survey and the Kentucky county permit numbers used by the Kentucky Geological Survey.
The solid lines represent boundaries between progradational alto-units A-D (Matchen, 1992). Each unit
contains a full suite of facies from delta plain to turbidite deposition located In sequence from east ot west.
The dotted lines mark the approximate boundary between the undathem and clinothem in each allo-unit.
The Caldwell outcrop extends to the top of the Price Formation (Bjerstedt and Kammer, 1988). The overtying
Maccrady Formation is shown in the subsurface to the west. The Morehead outcrop is a complete composite
section of the Borden Formation based on Chaplin (1980). Figure is modified from Matchen and Kammer
(1994) and Matchen and Vargo (1996).

cycles that resulted from short-term variations in relative sea level. Matchen (1992) and
Matchen and Kammer (1994) subdivided the Price-Maccrady interval into four
allostratigraphic units, which are bounded by marine transgressive shales (Figure 5.7).
Basinward offset of these allo-units reveals the downlap pattern of the prograding
parasequence sets onto the Sunbury condensed section.

INTRA-BASINAL TECTONIC CONTROL
The Lower Weir sandstone displays a north-south linear trend (Boswell and
Jewell, 1988; Jewell, 1988; Zou, 1993) between the Buming-Mann fault and the West
Virginia dome (Figure 5.6B). During Lower Weir deposition, the reactivated BumingMann fault probably was expressed at the surface as a ramp of relatively higher dip
angle and influenced the distribution of the sandstone.
As shown in Figure 5.6C, stacking of the Middle Weir sandstone between the
East-Margin fault and the Warfield anticline and the change in orientation of the
sandstone suggest control by these basement structures (Zou, 1993; Zou and
Donaldson, 1994). The Upper Weir sandstone also shows a similar relationship to these
basement structures (Figure 5.6D). Regional paleoflow directions of the Big Injun rivers
were altered by the West Virginia dome, indicating growth of the dome and reactivation
of the basement structures during that time (Zou and Donaldson, 1994).
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CHAPTER 6:

GREENBRIER-HINTON SEQUENCE
INTRODUCTION

After a widespread subaerial exposure (the sub-Greenbrier unconformity), the
central Appalachian foreland was covered by an epeiric sea with deposition of the
Greenbrier Limestone and equivalents during the Late Mississippian (Dewitt and
McGrew, 1979; Donaldson and Shumaker, 1981; Carney, 1987; Carney and Smosna,
1989).

Rapid thickening of the Greenbrier Limestone toward the proximal foreland

indicates that the central Appalachian basin increased its subsidence rate after the
regional subaerial exposure associated with the sub-Greenbrier unconformity.

The

Greenbrier carbonate wedge was succeeded by progradation of the fluvial-deltaic
systems of the Mauch Chunk Group and equivalents (Dewitt and McGrew, 1979;
Donaldson and Shumaker, 1981).
The Greenbrier-Hinton sequence (sequence 2) is bounded by the subGreenbrier (SB 2) and sub-Ravencliff (SB 3) unconformities (Figure 3.16).

The

Greenbrier Limestone is interpreted as deposits largely of transgressive systems tract,
but its uppermost member, the Alderson (including the Greenville Shale), probably
represents the maximum flooding at the base of the highstand systems tract.

The

overlying Bluefield and Hinton formations of the Mauch Chunk Group are interpreted as
deposits of highstand systems tract.
Detailed stratigraphic analysis of the transgressive systems tract is based on
correlation of the various members of the Greenbrier Limestone and their thickness
variations. This analysis is used to further interpret the relative importance of regional
and local tectonic controls.

Discussion on the highstand systems tract primarily
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concentrates on analyses of the Webster Springs (“Blue Monday”), the Droop (“Lower
Maxton”), and the Stony Gap (“Middle Maxton") sandstones. The outcrop equivalents of
these sandstones indicate marine fossils in some overlying and underlying limestones
and shales (Reger, 1926), suggesting proximity to shoreline for these usually
nonfossiliferous sandstones. This study adds the geometry, trend, and distribution of
these sandstones to this knowledge, which in turn serves as evidence to interpret their
deposystems and source areas.

GREENBRIER LIMESTONE
The Greenbrier Limestone is an important shallow reservoir for numerous gas
and oil fields in West Virginia. In previous subsurface studies (Martens and Hoskins,
1948; Rittenhouse, 1949; Flowers, 1955; Matthews, 1963; McCord and Eckard, 1963;
Youse, 1964; Overbey and Whieldon, 1966; Overbey, 1967; Thomas, 1967; Ruley,
1970; Carpenter, 1976; Kelleher, 1990; Kelleher and Smosna, 1993) this limestone is
commonly referred to as the Big Lime and the Big Injun, with the latter recognized as a
quartz-rich carbonate. In areas where the Big Injun (or Greenbrier Big Injun) loses its
identity, the Big Lime may refer to the entire Greenbrier interval. Carney and Smosna
(1989) noted that previous workers also reported locally the Keener sandstone, which
separates the Big Injun from the Big Lime where present. Kelleher and Smosna (1993)
demonstrated that the mappable subdivisions (Reger, 1926; Price and Heck, 1939;
Hickman, 1951; Kanes, 1967; Leonard, 1968; Adams, 1970; Wray, 1980; Yeilding,
1984; Carney, 1987) of the outcrop belt in southeastern West Virginia can be extended
as members into the subsurface from McDowell to Raleigh counties. Al-Tawil and Read
(1997) and Khetani and Read (1997) subdivided the Greenbrier equivalent in Kentucky
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into several sequences using a sequence stratigraphic framework. Subdivision of the
Greenbrier Limestone in either lithostratigraphic or sequence stratigraphic framework
provides increased resolution of time-rock intervals and the opportunity to determine
timing, occurrence and rate of differential subsidence and sea-level fluctuations. For
this purpose, a network of cross sections of the Greenbrier Limestone were prepared for
the study area and their analysis led to the interpretation discussed in this chapter.

LITHOSTRATIGRAPHY
Stratigraphic Setting
The Greenbrier Limestone and equivalents are considered middle to late
Meramecian and early Chesterian in age (Horowitz and Rexroad, 1972). In the study
area, the sub-Greenbrier unconformity separates the basal Greenbrier from the
underlying Lower Mississippian or Upper Devonian rocks. The Greenbrier Limestone is
conformable with the overlying Bluefield Formation o f the Mauch Chunk Group, but it is
unconformably overlain by the New River Formation (Lower Pennsylvanian) where the
limestone is truncated by the sub-New River unconformity. Figure 6.1 is a correlation
chart that summarizes the stratigraphic nomenclature used by previous workers for
different parts of West Virginia (both surface and subsurface usage) and the
nomenclature used in this study.
Early in this century, Reger (1926) established a regional stratigraphic framework
for the Greenbrier Limestone in southeastern West Virginia, dividing the Greenbrier into
ten formations (Figure 6.1).

Wells (1950) revised this scheme and divided the

Greenbrier into seven formations (Figure 6.1). Smosna (1996), after extensive review of
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Rgure 6.1 Stratigraphic nomenclature and correlation for the Greenbrier Limestone in West Virginia (after Reger and Price, 1926; Wells, 1950;
Way, 1951; Youse, 1964, and Carpenter, 1976; Smosna, 1996).

the literature plus his own stratigraphic research, redefined the Greenbrier Limestone as
a formation, and its seven subdivisions accordingly as members. His usage (Smosna,
1996) of the Greenbrier stratigraphic nomenclature is preferred in this study.
In southeastern West Virginia, where the limestone is thicker, all the seven
members of the Greenbrier Limestone (Figure 6.1) are present.

The members

stratigraphically higher than the Taggard Shale are Chesterian (Hickman, 1951;
Flowers, 1956; Uttley, 1974), whereas the underlying Hillsdale and Denmar members
are Meramecian in age (Reger, 1926; Wells, 1950; Flowers, 1956).

In northern and

north-central West Virginia, the Greenbrier Limestone is much thinner and has been
informally divided into three members: (1) the basal Loyalhanna Limestone, (2) a clastic
middle member, and (3) an unnamed upper fossiliferous limestone member (Wray,
1951; Arkle and others, 1979).

According to some workers, the lower part of the

Greenbrier Limestone (the Hillsdale, Denmar and part of Pickaway) occurs only in
southern West Virginia and adjacent areas (Wells, 1950; Flowers, 1956; Overbey, 1967;
Leonard, 1968; Henniger, 1972; Carpenter, 1976; Arkle and others, 1979; Carney,
1987).

However, Adam (1970) and Uttley (1974) correlated the Denmar with the

Loyalhanna, suggesting the oldest members, albeit thinner, do extend northward and
westward into northern and north-central West Virginia and Pennsylvania. Arkle and
others (1979) correlated the middle member of the northern Greenbrier with the Taggard
and Pickaway members of the southern Greenbrier; the Upper member with the Union
and Alderson members.

Drillers correlate the (Greenbrier) Big Injun in central and

northern West Virginia with the Loyalhanna in Pennsylvania (Carpenter, 1976; Smosna,
1996), and their Big Lime probably is equivalent to the Taggard-Alderson interval
(Smosna, 1996).
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In the following section, the outcrop Greenbrier members are correlated into the
subsurface on cross sections prepared from well logs in the study area. Stratigraphic
analysis of this study indicates that in the region northwest o f the East-Margin fault of
the Rome trough only the upper Pickaway to Alderson interval is present. On some preGreenbrier topographic highs the entire Pickaway Member is absent. This interpretation
suggests that the basal Greenbrier in northern and northwestern West Virginia and
Pennsylvanian probably is younger than previously considered.

Subsurface Correlation
Six stratigraphic cross sections (Figure 6.2), composed of sixty-six wells, were
constructed to subdivide the Greenbrier Limestone into smaller units. Two measured
outcrop sections were used to recognize Greenbrier members and to correlate them
from the surface to the subsurface.

These measured sections are the Alta section

(Reger, 1926) of Greenbrier County, West Virginia, and the Huttonsville section
(Leonard, 1968) of Randolph County, West Virginia. Unit descriptions of the Huttonsville
section are summarized in Figure 6.3. Rock column and descriptions of Alta section are
from Kelleher (1990), who correlated the Greenbrier members from the surface to the
subsurface in his study area (Figure 6.2). Figure 6.4 is a type log of the Greenbrier
Limestone in southeastern West Virginia, where the interval is thicker and includes its
seven members.
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Rgure 6.2 Index map of the Greenbrier cross sections in central and southeastern Wfest Virginia.
Locations of the Huttonsville (Leonard, 1968) and Alta (Reger and Price, 1926) measured sections
and the study area of Kelleher (1990) are also indicated.
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Calolutite. argilaceous. deeply weathered yelow-gray with shaly habrt.

DENMAR

Calolutite. d do m tic (15%). medium grey weathering ig h t gray. 10-15% (ine-sand sized bosketotals with dark calolutite
grains. Top 12 feet display brown-weathering, s ity bands that increase in number upward. Concentrations of coarser
biosketotals. chiefly cnnoidal debns. occur as 2-3-inch pods common through!out.
Sparry calcarenite. coarsely laminated o r banded Ight-dark gray. Dark bands medfumgrained. chiefly cnnoidal pieces
with some ooiths; Ight bands barren c a lo silite with quartz sill (25% residue), weathering in relef. Basal 2 toet cross
tomnated in part
/Calcarenitic calolutite. Igh t gray, massive, concnoidal fracture. Medium-fine, sand-sized, poorly sorted sketotato and
' calolutrte chips in rrtcnte matrix.
Calokitite. massive. Ight gray with tan partings making irregular beds 0.4-0.8 toot think on weathering. Fine sand-sued
biosketotal grains make 20-30% o f rock, with coral, crtnoid and brachiopod fragments up lo 4-inch size scattered througho
.Basal 2 toet of unit contains numerous caiaiutite chips: upper part m ldly doiomrftc
. Caiaiutite. Ike Unit 1; deeply weathered into 'punky* orange-brown slabs; interlayers of s o ft brown calcareous sftato.
yCaidkjtJte. medium gray, beds Q .^1.0 toot track, eonchoidal fracture. Distinctive tan-yetow s il bands 2-4-mch wide
spaced 6 inches apart and algned with general bedding. Scattering of line sketotals apparent on weathered surfaces,
with some coral and brachioood oieces to 3-incn size.
Covered:----------------------

Figure 6.3 Unit description of the Huttonsville section for Greenbrier Limestone (based on Leonard, 1968)
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Figure 6.4 A type log (Well MER-118) of the Greenbrier Limestone in southeastern West Virginia,
showing the ganima-ray (GR), caliper (CALI), bulk density (RHOB) and photoelectrical effect (PEF)
signatures as well as subdivisions (members) of the Greenbrier Limestone.
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Along cross section GB-AA’ (Figure 6.5), the Greenbrier Limestone thins toward
the northwest from 900 feet at Mer-118 to 173 feet at Kan-2721. Well log Ral-499 was
studied by Kelleher (1990) and his correlation is included in this cross section. On cross
section GB-AA’, the Hillsdale Member is observed in the area east of Ral-297, and the
Denmar and Taggard members terminate in central Boone County near Boo-1364.
Although the lowermost part of the Pickaway Member is absent west of Boo-1349 (at
axis and western flank of the Warfield anticline), intervals of Pickaway-Alderson extend
throughout this cross section.
The southeastern end of cross section GB-BB’ (Figure 6.6) is correlated 13 km
(8 mi) to the Alta measured section. Well Gre-18 is correlated on cross section GB-DD’,
which is connected to the Huttonsville section and intersects cross section GB-AA’ at
Ral-289. The Hillsdale Member occurs at Gre-21 and the Alta outcrop section. The
Denmar Member does not extend beyond Cla-1061, and majority of the Pickaway
Member is confined to the area southeast of Cla-2120. Wells located on the BumingMann Arch sub-block (Figure 3.24) exhibit only the Union, Greenville, and Alderson
members.
Cross section GB-CC' (Figure 6.6) shares well Nic-419 with cross section GBDD’. The Hillsdale Member is absent on this cross section. The Denmar Member is
thinner than along cross section GB-BB’ and tapers northwestward to Cla-1883. The
Taggard Member loses its shaliness northwest of Nic-371.

However, the Taggard

recurs at Cla-1883 but then disappears between Cla-1883 and Cal-3922, where it
seems to be limited to southeast of the East-Margin fault of the Rome trough. Only the
upper one-third section of the Pickaway onlaps onto the northeast flank of the Burning-
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Mann Arch sub-block, whereas the Union and younger members are relatively uniform
in thickness throughout this cross section.
Cross section GB-DD’ (Figure 6.7) intersects cross sections GB-AA’, GB-BB’ and
GB-CC’. Members of the Greenbrier Limestone recognized in the Huttonsville outcrop
section (Leonard, 1968) are correlated to this well-log cross section.

The distance

between Web-63 and the measured section is not to scale. Less thickness variation
occurs on this cross section as it nearly follows the depositional strike.

Web-63 is

slightly off the strike trend and closer to the center of the West Virginia dome, showing a
decrease in thickness from Web-59 to Web-63. The Denmar and younger members are
present on this cross section. Correlation between the measured section and similar
lithologies interpreted from gamma-ray logs of the subsurface is moderately good. In
Leonard’s (1968) outcrop section, the Greenville Member is not differentiated and is
included with the Alderson Member. The boundary between Pickaway and Union on the
measured section is at the bottom of Unit 26 in his unit description of the outcrop but is
at the bottom of Unit 24 in his cross section (Leonard, 1968). This study prefers the
latter as it fits the regional trend better.
Two relatively short cross sections GB-EE’ and GB-FF’ trend northeast and
cross the Buming-Mann fault (Figure 6.8). A positive area (the Buming-Mann arch) on
the sub-Greenbrier erosional surface is evident on both cross sections and the BumingMann fault occurs along its eastern flank. The Lower Mississippian strata below the
sub-Greenbrier unconformity dip gently to the southwest. Correlation of these striketrending cross sections is verified by sharing common wells with two intersecting cross
sections, GB-BB’ and GB-CC’.

The Greenbrier Limestone is relatively thin along
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these cross sections, especially over the Buming-Mann arch, where only the Union
Limestone and younger members were deposited. The oldest Greenbrier rock observed
along cross section GB-EE’ is the uppermost part of the Denmar Member, whereas on
cross section GB-FF’, which is farther to the northwest, the upper part of the Pickaway
Member is the oldest.
Figure 6.9 illustrates general stratigraphic relation of the Greenbrier Limestone in
the study area. Figure 6.10 shows the northwestern limit of the Greenbrier subdivisions,
suggesting a northwestward onlap pattern.

The Hillsdale is limited to the southeast

corner of the study area, and the Denmar and Taggard members extend farther to the
northwest and terminate roughly at the East-Margin fault of the Rome trough. In the
area northwest of the East-Margin fault, the oldest Greenbrier rock is interpreted to be
the Pickaway Member. In certain areas, such as on the Buming-Mann arch, the Union
Member is the oldest Greenbrier rock. According to this correlation, the Greenville to
Alderson interval is equivalent to drillers’ Big Lime, whereas the Union to Pickaway
interval is correlative with the Loyalhanna or drillers’ (Greenbrier) Big Injun. The Keener
sandstone, if existing, appears to be in the upper the Union Member.

THICKNESS PATTERNS
The preserved thickness of the Greenbrier is primarily controlled by four factors:
(1) regional differential subsidence of the foreland basin, (2) reactivation of the
basement structures, (3) topographic relief on the sub-Greenbrier erosional surface, and
(4) post-depositional truncation of the sub-New River unconformity.

Differential

sedimentation within the Greenbrier Limestone is not detectable at the scale used in the
thickness pattern analysis of this study.
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Trends on Cross Sections
The Greenbrier Limestone exhibits greater thickness changes along the dip
(northwest-southeast) direction.

Generally, the limestone thickens southeastward

toward the interpreted foreland basin “axis” (Figures 3.3, 3.5, 3.6, 6.5 and 6.6). The
Greenbrier Limestone is more uniform in thickness along the depositicnal strike
(northeast-southwest), except the thinning over the Buming-Mann “arch” (Figures 3.11,
3.12, 6.8). Truncation o f the Greenbrier Limestone by the sub-New River unconformity
is evident on most of the regional northwest-trending cross sections and some regional
strike cross sections in the northwestern part of the study area (Figures 3.14 and 3.15).
Two Greenbrier cross sections, GB-AA’ and GB-BB’, are simplified to show
thickness variations for various members of the Greenbrier Limestone (Figure 6.11). In
these diagrams, the Greenville Member is combined with the Alderson Member, and the
Taggard Member with the Denmar Member.

In spite of local variations, these cross

sections indicate 1) southeastward increase in thickness, 2) northwestward onlap, and
3) a major hinge (Hinge A) where the Greenbrier is approximately 450 feet in southern
West Virginia.

The Hillsdale Member only occurs in the area southeast of Hinge A,

stratigraphic expression of the inferred Beckley fault (Figure 3.17).

The Hillsdale

Member in the study area is 124 feet at Gre-20 and 111 feet at Mer-118 and pinches out
northwestward in less than 14 miles. The Denmar Member either overlies the Hillsdale
Member or rests on the irregular erosional surface of the sub-Greenbrier unconformity
with maximum thickness of 288 feet in the study area. The Taggard Member, where
present, is commonly 10 feet in thickness with maximum around 21 feet. The Pickaway
Member thickens to a maximum of 144 feet at Mer-118. The Union Member becomes
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Figure 6.11 Simplified stratigraphic profiles of the Greenbrier Limestone showing
changes in thickness along dip direction.
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more uniform with average thickness of 102 feet on cross section GB-AA’, 78 feet on
cross section GB-BB’, and a maximum of 174 feet at Mer-118. The Greenville Member
commonly is approximately 10 feet thick and is thickest at the southeast comer of the
study area, reaching its maximum thickness of 74 feet at Mer-118.

The Alderson

Member is relatively uniform in thickness, mostly ranging between 40 to 50 feet.
Average thickness of the combined Alderson and Greenville is approximately 60 feet.

Trends on Thickness Map
A thickness map of the Greenbrier Limestone is shown in Figure 6.12.
Compared with the Greenbrier isopach map of West Virginia generated by Flowers
(1955) (Figure 6.13), differences exist, but regional trends remain the same.
The Greenbrier thickness contours basically trend northeast, with a southeast dip
direction for the foreland basin indicating increasing subsidence toward the proximal
foreland. This regional trend, however, is disturbed by (1) erosion related to the subNew River unconformity and (2) small scale differential subsidence caused by
reactivation of basement structures and (3) irregular relief of the sub-Greenbrier
erosional surface. Based on its thickness contours (Figure 6.12), depositional strike of
the Greenbrier Limestone is approximately N55°E, and its dip direction is S45°E in
southeastern part of the study area where few local variations occur.
Some basement faults in the study area apparently were reactivated during
Greenbrier time, causing differential subsidence and tilt of sub-blocks in response to
regional tectonic stress. Comparison of the Greenbrier thickness map with the known
and suspected basement faults reveals striking coincidences between the thickness
patterns and the positions of basement faults and sub-blocks.
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Figure 6.12 Thickness map of the Greenbrier Limestone in the study area. Zero isopach indicates
that the Greenbrier is totally removed by the sub-New River unconformity. Shaded pattern shows
areas where the Greenbrier is partially truncated by the sub-New River unconformity. The Gauley
Mountain anticline is superimposed on the contour map.
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Figure 6.13 Thickness map of the Greenbrier Limestone in VVfest Virginia (from Rowers, 1955).
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Regionally, the Greenbrier Limestone increases in thickness toward the
southeast from 70 feet to 900 feet over a distance of approximately 100 miles in the
study area, an average rate of change of 8 feet/mile.
uniform.

Such change, however, is not

Gradual thinning to the northwest occurs on the west margin of the Rome

trough. The Rome trough seemed to be most stable with minor change. The trough is
separated into two parts in the study area by the Buming-Mann fault.

The Burning-

Mann arch was a topographic high (probably also a growing anticline), which caused
thinning of the Greenbrier Limestone.

The southeast hinge sub-block separates a

relatively stable belt to the northwest from a rapidly subsiding depocenter to the
southeast.

The inferred Beckley fault was an important boundary to the Greenbrier

deposition.

BASIN ANALYSIS
The Upper Mississippian Greenbrier Limestone records the most extensive
marine incursion for the Carboniferous in the central Appalachians (Arkle and others,
1979; Brezinski, 1989; Carney and Smosna, 1989). During Greenbrier time the basin
was open to the southwest and was bordered on the west by the Cincinnati Arch, on the
east by the Appalachian tectonic highlands, and on the north by exposed lowlands
(deWitt and McGrew, 1979; Camey and Smosna, 1989) (Figure 6.14). The area was
slightly south of the equator (Scotese and others, 1979; Edmunds and others, 1979)
under subtropical (White, 1913) but probably arid climate (Cecil, 1990).

The

depositional setting during Greenbrier time is interpreted to have been shallow marine
on a stable shelf, changing seaward across a gentle slope (a hinge zone) to deeper
water in a more rapidly subsiding basin (Figure 6.14).
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Figure 6.14 Tectonic elements and paleogeographic setting in the central Appalachians during Greenbrier time.
The dashed red line shows the general position of a hingeline which separated the shelf from the basin. Based
on de Witt and McGrew (1979), Donaldson and Shumaker (1981), Brezinski (1989), and Kelleher (1990).

Subsidence Analysis
Subsidence history of the Greenbrier basin floor is demonstrated in Figure 6.15
using two Greenbrier dip cross sections, GB-AA’ and GB-BB’. Certain irregularities on
the basin floor profiles may reflect relief on the sub-Greenbrier erosional surface.
Apparently, rapid subsidence of the foreland basin occurred southeastward across
Hinge A (the Beckley fault).

Local structures are

responsible for variations

superimposed on the regional trends. On cross section GB-AA’, the primary deflection
is around Ral-297, and on cross section GB-BB’ near Gre-22.

Table 6.1

Rates of thickening (feet/mile) for different intervals between different wells using

cross section A-A’ of the Greenbrier as an example.
Boo1082 - Merl 18

Ral297 - Merl 18

Alderson-Greenville

1.78

3.11

Union

2.28

3.4

Pickaway

2.34

4.73

Denmar

6.52

12.65

Hillsdale

8.21

Alderson-Denmar

13.23

24.11

Alderson-Hillsdale

16.04

32.32

Table 6.1 indicates rates of thickness change along the dip direction. Two trends
can be observed from these values. First, rate of thickness change increases to the
southeast, reflecting increasing subsidence toward the proximal foreland. Second, rate
of differential subsidence decreases significantly for the Pickaway and younger units,
probably implying gradual waning of tectonic influence and increasing importance of
eustatic sea-level change.
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Figure 6.15 Diagrams showing subsidence history of the Greenbrier basin floor along
two of the dip-direction cross sections.
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Tectonic Influence
The Greenbrier time has been interpreted as a period of tectonic quiescence
(deWitt and McGrew, 1979; Tankard, 1986a, 1986b; Chesnut, 1991; Ettensohn, 1993,
1994) with reduced subsidence and minimal siliciclastic input.

Stratigraphic evidence

from this study, however, suggests the need to reassess that interpretation.
The Upper Devonian Acadian depocenter was located in east-central New York
and eastern Pennsylvania.

With time the epeiric sea receded westward and

southwestward as the coastal plain expanded into the distal foreland (Donaldson and
Shumaker, 1981; Boswell, 1988). By Greenbrier time, both the depocenter and basin
center had moved to southeastern West Virginia and adjacent Virginia as the foreland
basin presumably subsided faster than sediment accumulation.

The Greenbrier

thickness contours in southeastern West Virginia indicate a dip direction of the basin of
approximately S45°E. The location and trend of the preserved wedge-shaped deposit of
the Greenbrier Limestone suggest a southward shift of the foreland trough depocenter.
In the study area, the Greenbrier Limestone is 900 feet thick at the border of Raleigh
and Mercer counties. Greater accumulation has been reported farther southeast; 2000
feet in Mercer County, West Virginia, approximately 2900 feet in the Bramwell area of
Virginia (Englund, 1979a), and 4000 feet in Washington County, Virginia (Cooper,
1948), although some of these thickness may include stratal repetition by thrusting.
The sub-Greenbrier unconformity is widespread in the Appalachian basin.
Regionally, the area of greatest uplift is adjacent to the orogenic belt in the eastern and
central part of the basin (Ettensohn, 1994).

The West Virginia dome experienced

intensive subaerial erosion during formation of this unconformity (Figure 4.7).
Development of the West Virginia dome

may have been influenced by reactivation
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of the Buming-Mann fault, the East-Margin fault and the 38th Parallel lineament in the
study area. Prior to the Greenbrier deposition, the Buming-Mann fault was probably a
down-to-southwest normal fault (reversed compared with its original sense of motion),
and the East-Margin fault (EMF_E) was a normal fault dipping to the northwest.
However, these basement faults behaved differently during Greenbrier time. The EastMargin fault was still active but moved in an opposite direction with the downthrown
block to the southeast.

The Buming-Mann fault also reversed its motion with minor

offset. This can account for the sharp eastward increase in Greenbrier thickness across
the fault.

Difference in the behavior of basement-fault reactivation possibly reflects

change in regional stress regime from the Early to the Late Mississippian. Accordingly,
the sub-Greenbrier unconformity is associated with post-orogenic rebound (Heller and
others, 1988) of the tectonic highlands and adjacent foreland. During Greenbrier time,
however, the proximal foreland experienced increasing subsidence, and the northeasttrending basement faults were reactivated and stepped down southeastward to the
newly formed tectonic highland at the boundary between central and southern
Appalachians.
According to the Quinlan-Beaumont model (Quinlan and Beaumont, 1984;
Beaumont and others, 1988), forebulge uplift occurs during loading relaxation of
lithosphere (Figure 2.4B).

Laskowski and others (1980) suggested an uplift of the

Cincinnati Arch at 337±27 Ma.

Such an uplift could represent a peripheral bulge

corresponding with basin subsidence and initial deposition of the Pennington Group
(roughly the equivalent of the Mauch Chunk Group) clastic wedge (Chesnut, 1991).
This arch uplifting event probably was caused by tectonic loading during early
Greenbrier time.
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This study suggests an active tectonic loading at the North American continental
margin during Greenbrier time.

The crustal response to this loading produced: 1)

sufficient accommodation space in the foreland basin for the thick accumulation of
carbonates: 2) uplift of the peripheral bulge (the Cincinnati Arch); and 3) reactivation of
the basement faults with downthrown blocks to the southeast. The tectonic influence
decreased with time during the Greenbrier time, as the relative importance of eustasy
increased, particularly when the widespread Greenville to Alderson interval was
deposited throughout the entire Greenbrier Gulf.
Widespread carbonate deposits may not necessarily be an indication of tectonic
quiescence, as was suggested by most previous studies.

Carbonate deposition of

Greenbrier Limestone and its equivalents was probably controlled by the climatic setting
(Cecil, 1990).

The minimal input of siliciclastics can be explained by the semi-arid

climate that was present during the Greenbrier time. Under arid and semi-arid climate,
the supply of clastic material is very limited (Cecil, 1990) and a warm climate also
fosters a booming “carbonate factory".

Although a climate control is an attractive

hypothesis, the minimal siliciclastics could have also resulted from: (1) undeveloped
drainage systems of a young tectonic highland, or (2) a great distance from the clastic
source areas. There might have been a clastic wedge east of the preserved foreland
but such a clastic wedge is not preserved. In summary, tectonically driven subsidence
could be responsible for carbonate accumulation under a suitable climatic setting with
minimum input of siliciclastic material.
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BLUEFIELD AND HINTON FORMATIONS

INTRODUCTION
In southern West Virginia, the Bluefield and Hinton formations comprise roughly
the lower two thirds of the Mauch Chunk Group (Figure 6.16), where it has been
subdivided into, in ascending order, the Bluefield, Hinton, Princeton, and Bluestone
formations on outcrop (Reger, 1926; Arkle and others, 1979). Subsurface stratigraphy
of the Mauch Chunk Group remains poorly understood in southern West Virginia,
although some intervals have been investigated by several workers (Schalla, 1984;
Wrightstone, 1985; Barlow, 1996).
The Bluefield and Hinton formations represent the majority of the highstand
systems tract of the Greenbrier-Hinton sequence (Figure 6.16). Readers are referred to
additional cross sections (Figures 4.12 to 4.20) in chapter 4, where the areally extensive
sub-Ravencliff unconformity occurs within the Mauch Chunk Group, separating its
formations into two different sequences.
In contrast to the transgressive systems tract, the highstand systems tract is
composed predominantly of siliciclastic rocks that were deposited in prograding fluvialdeltaic systems. Thorough analysis of these deposystems is beyond the scope of this
study, but three sandstone bodies, the Webster Springs (Blue Monday), the Droop
(Lower Maxton), and the Stony Gap (Middle Maxton), were studied in sufficient detail as
their geometry, trend and distribution pattern offered.

As in previous chapters, the

lithostratigraphic framework initially is introduced using stratigraphic cross sections and
thickness maps of selected key intervals and rock units, followed by a discussion of their
interpreted intra-basinal tectonic controls.
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Figure 6.16 A northwest-trending stratigraphic cross section showing relationships of the Greenbrier-Hinton sequence (sequence 2) with
other strata. Structural framework in the index map is based on Shumaker and Wilson (1996) and this study.

LITHOSTRATIGRAPHY
Bluefield Formation
The Bluefield Formation stratigraphically is between the Greenbrier Limestone
and the Stony Gap Sandstone Member of the Hinton Formation (Campbell, 1896).
Where the Stony Gap Sandstone is present, the Bluefield-Hinton formation boundary
can be readily determined; where absent, detailed correlation using multiple markerbeds is needed to define the boundary.
The Bluefield Formation was correlated from the subsurface to the measured
outcrops of McColloch (1957) in southeastern West Virginia (Figures 6.17, 6.18 and
6.19). Important members of the Bluefield include the Lillydale Shale (“Pencil Cave”),
Webster Springs Sandstone (“Blue Monday”), Reynolds Limestone (“Little Lime”), the
Droop Sandstone (“Lower Maxton"), and the Raines Corner Limestone (Figures 6.18
and 6.19).

The remaining interval of the Bluefield consists predominantly of shales,

interbedded with thin argillaceous and/or dolomitic limestones, siltstones, and locally
sandstones. Some of the thin limestones are labeled L1 and L2 on the cross sections in
this study.
The Lillydale shale (“Pencil Cave”), overlying the Greenbrier Limestone, marks
the initial seaward progradation of clastic wedges in the highstand systems tract. It was
deposited under a variety of shallow-water conditions ranging from aerobic shallow
marine and intertidal to dysaerobic nearshore marine environments (Christopher, 1992).
This shale thins westward and in areas is overlain or replaced by the Webster Springs
Sandstone (“Blue Monday”) (Figures 6.5 to 6.8, 6.16, 6.18 and 6.19).
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Figure 6.18 Cross section showing subsurface to surface correlation of the Bluefield Formation in
southeastern West Virginia. The measured outcrop (B9-2) is modified from McColloch (1957). The
location of the cross section is shown in Figure 6.17.
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Figure 6.19 Correlation of part of the Bluefield Formation from the subsurface to the measured outcrops of McColloch (1957) in southeastern
West Virginia. The location of the cross section is shown in Figure 6.17.

The Webster Springs Sandstone was named by Reger (1920) for a sandstone
unit between the Glenray and Reynolds limestones near the town of Webster Springs in
Webster County.

In the subsurface of central and east-central West Virginia,

sandstones between the Greenbrier and Reynolds limestones are referred to by the
drillers as “Blue Monday”. Flowers (1955) and Carpenter (1976) correlated the Blue
Monday to the outcropping Webster Springs. However, as indicated in Figure 6.19, the
Blue Monday in the subsurface may be slightly older than the Webster Springs at the
outcrop and is probably the equivalent of the Edray Sandstone of Reger (1926), which
overlies the Lillydale Shale (Reger, 1926; Manspeizer, 1958).

Despite possible

miscorrelation in the previous subsurface studies, currently this study retains the
correlations of Flowers (1955) and Carpenter (1976) due to their wide acceptance.
The Lillydale/Webster Springs interval occurs as a thin clastic wedge between
two marine limestones (the Greenbrier and the Reynolds).

The Buming-Mann, East-

Margin, Summersville, and Beckley faults apparently were active and influenced
deposition during that period of time (Figure 6.20).
In outcrop (Figures 6.18 and 6.19), the Glenray Limestone of Reger (1926)
occurs between the Greenbrier and Reynolds limestones.

The Glenray is a gray,

massive, sandy, fossiliferous, and sometime argillaceous limestone (Manspeizer, 1958).
Lithologically, the limestone is more similar to the Greenbrier than the Reynolds
(McColloch, 1957). This limestone thins and may merge with the overlying Reynolds
Limestone (“Little Lime”) westward and northwestward (Figures 6.5, 6.6, and 6.19). Due
to this nature, the Glenray Limestone is considered as part of the Reynolds Limestone in
this subsurface study.
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Figure 6.20 Thickness map for interval between the top of Greenbrier Limestone and the
base of the Reynolds Limestone, including both the Lillydale (Pencil Cave) Shale and the
V\febster Springs (Blue Monday) Sandstone. Zero value in the northwestern part of the
study area resulted from erosion associated with the sub-New River unconformity. Note
greater thickness east of Buming-Mann sub-block and particularly in basin sub-block and
eastern part of the hinge-zone sub-block.
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The Reynolds Limestone (Reger, 1926) represents the most extensive marine
incursion within the Mauch Chunk interval and contains a highly diverse marine fauna
(Christopher, 1992). The limestone is dark gray to brownish black, argillaceous, and
highly fossiliferous (Flowers, 1955; Carpenter, 1976). Flowers (1955) noticed that the
Reynolds Limestone in Boone and Logan counties is less argillaceous than is typical of
other areas and that it is difficult to distinguish the Reynolds from the upper Greenbrier
limestone because the “Pencil Cave" is essentially absent (see Figures 3.3 to 3.6, and
6.5). Based on the present study, such a case occurs in an area including the WestTrough and West-Margin sub-blocks (Figure 3.24), indicating control of the basement
sub-blocks on lithofacies. The Reynolds Limestone generally thickens southeastward
(Figure 6.21). Rapid thickness change occurs southeastward across the Beckley fault.
The limestone is also thicker west of the Burning-Mann fault, in an area in front of the
Webster Springs clastic wedge. This thickening might be attributed to more favorable
conditions and

continuous deposition

of carbonate in West-Trough

sub-block.

Consequently, deposition of the Reynolds Limestone probably occurred in the area west
of the Burning-Mann fault as the Webster Springs clastic wedge prograded.
Besides its distinctive blocky signature on gamma-ray logs (Figure 6.22), the
recognition of the Droop Sandstone is facilitated by the underlying Reynolds and
overlying Raines Comer limestones (Figure 6.19).

The lower part of the Droop

Sandstone at well GRE-22 may correlate to the sandstone between the Ada Shale and
the Reynolds Limestone at measured section A5-1 (Figure 6.19). However, this study
prefers the scheme shown in Figure 6.19 based on regional thickness trends.
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Rgure 6.21 Thickness map of the Reynolds Limestone in the study area. The Limestone thins
northwestward and may be partially or totally removed by the sub-New River unconformity in the
northwestern part of the study area.
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The Raines Comer Limestone of Reger (1926) is black or dark, massive to shaly,
and fossiliferous (McColloch, 1957). The limestone is approximately 5 to 10 feet at an
outcrop near Raines Comer, Monroe County, West Virginia (Reger, 1926), but thickens
to approximately 44 feet in easternmost Mercer County (McColloch, 1957) (Figure 6.17).
The Bluefield Formation is approximately 1100 feet thick in eastern Mercer
County (Englund, 1979b), and thins to the west and northwest to approximately 750 feet
in eastern McDowell County, and to 150 to 200 feet along the Virginia and Kentucky
border (Miller, 1974) (Figure 6.23). The formation is 810 feet thick at well Mer-118 in
western Mercer County, and gradually thins to approximately 500 feet in central Raleigh
County, 310 feet on the Raleigh-Boone county border, and to approximately 230 feet in
central Boone County where it is truncated by the sub-New River unconformity (Figures
6.16 and 6.23).

Hinton Formation
The dominant lithology of the Hinton Formation is red to green shales
interbedded with sandstones and marine limestones (Meissner and others, 1981). The
formation has been divided into, in ascending order, the Stony Gap Sandstone Member,
the middle red member, the Little Stone Gap (Avis Limestone) Member, and the upper
red member (Wilpolt and Marden, 1959).
The Stony Gap Sandstone separates the Hinton Formation from the underlying
Bluefield Formation. The sandstone is usually equivalent to drillers’ Middle Maxton (or
Maxon) sand (Barlow, 1996) in the subsurface of southern West Virginia and adjacent
areas. This quartzose sandstone is white, fine-to medium-grained, well- to moderately-
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Rgure6.23 Thickness of the Bluefield Formation in the study area and southwestern Virginia.
The thick dashed line in the study area indicates the boundary where the sub-New River
unconformity starts to influence the preservation of the Bluefield Formation. Detailed information
is referred to the subcrop map at the sub-New River unconformity surface (Rgure 4.26). To the
north the thickness of the Bluefield probably is influenced by erosion related to the sub-Ravendiff
unconformity.
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sorted, well-rounded, and commonly cross-bedded (Miller, 1974). Where it is thick, the
Stony Gap usually displays a blocky signature on gamma-ray logs (Figure 6.22).
In the study area, the Avis Limestone is approximately 30 feet thick, whereas to
the south in southwestern Virginia it increases to greater than 100 feet (Figure 6.24).
The preserved thickness of the Avis Limestone is controlled by two unconformities: the
sub-Ravencliff and the sub-New River. To the north, it pinches out in northern Nicholas
and southern Webster counties. Lithologically, the Avis is generally a gray to brown,
abundantly fossiliferous, argillaceous, very-finely crystalline limestone (Miller, 1974).
Reger (1926) reported abundant marine fossils in the limestone, including brachiopods,
pelecypods, gastropods, crinoids, and fenestelloid bryozoa. Wilpolt and Marden (1959)
noted a “dwarfed” fauna, which they attributed to a shallow restricted sea. In an outcrop
near Beckley, Raleigh County, West Virginia, the author observed lag deposits of
abundant skeletal debris at the base of the Avis Limestone.

The Avis Limestone is

interpreted to have been deposited upon an erosional surface during transgression of
the most extensive marine flooding during Hinton time.
The Hinton Formation thickens to 1300 feet in southeastern West Virginia and
southwestern Virginia (Englund, 1979b). In the study area, it thins northwestward from
800 feet (the upper red member is not included) at the Raleigh-Mercer border to
approximately 200 feet in central Boone County, where the formation starts to be
truncated by the sub-New River unconformity (Figures 6.16 and 6.25). The anomalous
thinning trend (Figure 6.25) represents an area of erosion related to the Ravencliff
paleovalleys. The Hinton Formation appears to be entirely eroded by the sub-Ravencliff
unconformity in most of Clay, Braxton, Roane, Calhoun, Gilmer, and Ritchie counties.
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Figure 6.24 Isdith map of the Avis Limestone. Thickness contours of the Avis Limestone in the study
area are extended into southwestern Virginia by using data from VWightstone (1984) in Vfyoming and
McDowell counties (indicated by dashed contour lines) in order to connect to contours in southwestern
Virginia, which were generated in this study based on the original stratigraphic data of Miller (1974).
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Rgure 6.25 Thickness map for interval between the base of the Stony Gap Sandstone to the top
of the Avis Limestone or the base of the Ravendiff sandstone where the Avis is eroded. The part
of the Hinton above the Avis Limestone is not included. Thickness of the Hinton Formation is
influenced by both sub-Ravendiff and sub-New River unconformities. The Hinton Formation is
totally removed by the sub-New River unconformity northwest of the thick sdid line. To the north,
the preserved Hinton thickness is basically controlled by the sub-Ravendiff unconformity. It is
largely removed by the sub-Ravendiff unconformity in most of Clay and Braxton counties and
areas farther north (north of the thick dashed line) where the interpreted Ravendiff valley extended.
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DEPOSYSTEM ANALYSES OF SELECTED SANDSTONES
Within the highstand systems tract of the Greenbrier-Hinton sequence, there are
three major, light-colored massive sandstone units. In ascending order, they are the
Webster Springs, Droop, and Stony Gap sandstones.

Thickness maps have been

constructed and their deposystems have been interpreted for these three sandstones.

Webster Springs Sandstone
The Webster Springs Sandstone generally overlies the Lillydale Shale (Figures
3.7 to 3.11, 6.6, and 6.7). In places, it may lie directly upon the Greenbrier Limestone
(Cal-3195 in Figure 3.7; Web-61 and Gil-2077 in Figure 3.8; Cla-1607, Bra-1413, Bra498, and Bra-1074 in Figure 3.11).

Flowers (1955, 1956) correlated the Webster

Springs Sandstone in West Virginia and mapped its thickness (Figure 6.26). Generally
the Webster Springs Sandstone is a wedge-shaped sandbody thickening toward the
east to a depocenter in Webster County.
In central West Virginia, the Webster Springs Sandstone is generally well sorted,
angular to sub-rounded, white to light gray, very fine to fine-grained, and slightly to
abundantly calcareous (Carpenter, 1976). According to sample descriptions (Carpenter,
1976) the Webster Springs Sandstone varies in lithology from a lithic arenite, through
sub-litharenite, and quartz graywacke to quartz arenite. Diversity in lithology could be
partly due to miscorrelation. In outcrops this unit is typically a red to red-brown, fine
grained quartz-rich sandstone with high-angle crossbeds and thin, planar beds
(Christopher, 1992).
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Figure 6.26 Distribution and thickness of the Webster Springs (Blue Monday) Sandstone of West
Virginia (modified from Rowers, 1955).
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In his study of the Mississippian rocks in Gilmer and Braxton counties of West
Virginia, Carpenter (1976) noticed that the Webster Springs Sandstone changes in grain
size and sandbody geometry from the east to the west.

The sandstone is coarser,

thicker, and linear in its distribution in the central and eastern parts of his study area, but
becomes finer, thinner, and pod-like to the west. He (Carpenter, 1976) interpreted the
linear sandbodies as estuarine channel deposits in a tidal-dominated delta, and the pod
shaped sandbodies to the west as shallow marine sheet-sands reworked by waveddominated processes flanking tidal-dominated estuaries.

Carpenter (1976) proposed

that the Webster Springs shoreline extend from northeast to southwest and that it has a
fluvial source from the north.

However, he failed to locate a fluvial source from the

north, and he concluded that a fluvial channel source for a Webster Springs delta either
has not been preserved or that it never existed.
Previous studies regarding the deposystem and source area of the Webster
Springs assumed a northern fluvial source. This study presents another interpretation
as an alternative, but does not exclude a possible northern fluvial source. The thickness
map of the Webster Springs Sandstone constructed during this study (Figure 6.27)
agrees with Carpenter’s (1976) observation that the sandstone is thicker and linear to
the east but thinner and pod-like to the west. The linear trends basically orient NEE with
the thickest trend in southern Webster County. The overall fan-shaped geometry and
the digitate morphology of linear sand belts are similar to the dip-trend distributary
channels of a delta system observed by Boswell (1988) in the selected Upper Devonian
units in northern West Virginia (inset figure in Figure 6.27). This study interprets the
Webster Springs Sandstone as deposits in a fluvial-dominant delta system with fluvial
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Rgure 6.27 Isolith map of the V\febster Springs (Blue Monday) Sandstone in the study area.
Southwest extent of the sandstone was apparently controlled by the Buming-Mann fault
Thickness pattern of the sandstone probably suggests a fluvial-dom'nant delta system from
the east and the northeast as compared with that of the Upper Devonian Balltown sandstone
in northern West Virginia (from Boswell, 1988). The thick solid line in the sub-block map
indicates general location of the shoreline.
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source from the east or the northeast.

The finger-like northern extension of the

sandstone in the thickness map in Figure 6.26 was interpreted by Flowers (1955) as
sand bars deposited in shallow water. Observations of this study support his (Flowers,
1955) interpretation.

This writer noted that the Webster Springs Sandstone in

southeastern Doddridge County commonly lies directly on the Greenbrier Limestone and
is overlain by the Lillydale Shale (“Pencil Cave”).

The sandstone is massive and

displays either a “blocky” or an inverted bell pattern on gamma-ray logs.
The Buming-Mann fault apparently played a important role during deposition of
the Webster Springs Sandstone. The sandstone is mainly limited to the northeast side
of this fault with only a few pods of sandstone extending beyond this boundary (Figure
6.27).

This distribution and thickness pattern suggests that areas northeast of the

Buming-Mann experienced a relatively high rate of subsidence, which provided more
accommodation space to trap the coarser sediment.

Droop Sandstone
The Droop Sandstone occurs between the Reynolds and Raines Corner
limestones (Figures 6.18, 6.19 and 6.28).

During Droop time, fluvial-deltaic systems

prograded into the study area following the short, yet widespread, flooding of the
Reynolds sea.

The Droop Sandstone extends westward beyond the Buming-Mann

fault, indicating progradation farther to the west (Figure 6.29) than the Webster Springs
Sandstone (Figure 6.27). The distribution pattern of the Droop Sandstone (Figure 6.29)
suggests a wave-dominant delta system with its sediment supply from the northeast.
Compared with the Webster Springs Sandstone, the main “feeder” channel shifted
farther to the south and followed the 38th Parallel lineament. This “feeder”
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Figure 6.28 Type log showing relative stratigraphic positions of the Reynolds
Limestone, Droop Sandstone and Raines Comer Limestone and their log
characteristics.
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entirely removed by
sub-New River
unconformity

w a x POINT

Figure 6.29 Isolith map of the Droop Sandstone in the study area. Thickness pattern of the
sandstone probably suggests a wave-dominant delta system with "feeding" channel from the
northeast and barrier island trending north-south. This pattern is compared with that of an
Upper Devonian Gordon sandstone in northern West Virginia (from Boswell, 1988). The thick
solid line in the sub-block map roughly indicates the shoreline position.
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channel follows the Upper Devonian, Central Virginia River trend suggested by Boswell
(1988), indicating persistent control of the 38th Parallel lineament on Late Paleozoic
sedimentation. The sand supplied by the “feeder” channel spread out as a north-south
trending linear belt in the area southeast of the EMF.
represents barrier island deposits.

This linear trend probably

The pod-like sandbodies west of the interpreted

barrier island are probably the deposits of storm-influenced shallow shelf environments.

Stony Gap Sandstone
The Stony Gap Sandstone is a white, massive, cross-bedded quartzose
sandstone in outcrop near Beckley, West Virginia.
characterized by unidirectional foresets.

Cross beds of the sandstone are

The sandstone (Figure 6.30) thickens to

approximately 200 feet in southwestern Virginia, an area exhibiting its best trends.
Within the study area, the unit is well developed in a trend extending from eastern
Boone County through eastern Logan County to western Wyoming County and probably
farther south connecting to the trend in southwestern Virginia. Another trend is located
in southeastern Wyoming and eastern Raleigh counties.
Previous interpretations of depositional environments for the Stony Gap
Sandstone are based mainly on outcrop observations.

Englund and others (1979)

interpreted the sandstone as coalescing offshore bars.

Cecil (1997, personal

communication) suggested that the Stony Gap Sandstone was deposited in tidal
channel and tidal flat systems. Thickness patterns of the sandstone (Figure 6.30) and
cross section analysis (Figure 6.31) from this study suggest a barrier-island system. In
the study area, the sandy barrier islands basically trend north-south from eastern Boone
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Stratigraphic cross section (SG-AA1) showing geometries and patterns of the sandstones between the Reynolds and Avis
limestones of the Mauch Chunk Group. Note the scouring feature at the base of most of the massive sandstones and the related erosion of
thin shaly limestone beds.

to eastern Logan to western Wyoming counties, a zone where the Middle and Upper
Weir sandstones of the Lower Mississippian also are attributed to barrier island systems
(Figure 5.6) (Zou, 1993). Reoccupation o f a zone by barrier island systems of different
ages probably indicates structural control. Associated with the barrier island complex
are tidal channels and tidal deltas. As suggested by the isopach patterns in Figure 6.30,
the flood-tidal delta is east of the interpreted barrier island, whereas the ebb-tidal delta is
to the west. The cross section in Figure 6.31 traverses the tidal channel to the floodtidal delta.

Detailed correlation on this cross section revealed a complicated

depositional history for this interval. Sandstones and shales are interbedded with thin
shaly/dolomitic limestones. The interval is interpreted to represent coastal environments
(fluvial-deltaic, barrier island, and tidal flat), that had undergone several short-term
transgressive and regressive (T-R) cycles.

The thin shaly/dolomitic limestones (the

Raines Comer Limestone, L1, L2, and L) are interpreted as tidal flat deposits, which
were occasionally eroded by younger tidal channels or inlets (B1, B2, B3, Sg1 and Sg2).
The massive (blocky or fining-upward) sandstones commonly exhibit erosional bases.
The pronounced vertical stacking of sandbodies (B1, B2, B3, and the Stony Gap) at well
Boo-1278 indicates persistence of the tidal-channel location.
In summary, a coastal setting characterized by deltaic and/or barrier island
systems is suggested for the major sandstones in the Bluefield and Hinton interval.
Sediment supply was probably from the orogenic highlands and/or the remnant Acadian
clastic wedge to the northeast or the east. Overall marine influence decreased from the
Bluefield to the Hinton time.
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CHAPTER 7:

RAVENCLIFF-POCAHONTAS SEQUENCE
INTRODUCTION

The Ravencliff-Pocahontas

sequence (Sequence

3)

includes the

Upper

Mississippian Ravendiff and Bluestone formations and the Lower Pennsylvanian
Pocahontas Formation. This sequence is bounded by the sub-Ravencliff and sub-New
River unconformities (Figures 2.2 and 3.16). The Ravendiff Formation constitutes the
transgressive systems tract, whereas the Bluestone and Pocahontas formations
represent the highstand systems tract.

Compared with the other sequences, this

sequence is limited mostly to the area east of the East-Margin fault of the Rome trough
(Figure 7.1), where erosion related to the sub-New River unconformity is less severe.
This study proposes the Ravendiff Formation as a formal lithostratigraphic unit.
The relationship between the subsurface Ravendiff Formation and the outcropping
Princeton Sandstone is established through subsurface to surface correlation. Two welliog cross sections show general internal geometry of the systems tracts, emphasizing
the lower sequence boundary and associated Ravendiff incised-valley system.

The

thickness map of the massive Ravendiff sandstone shows the location, trend, and width
of the incised-valley system. The highly radioactive Pride Shale is best developed and
preserved where it overlies the paleovalley.

A working hypothesis that the incised

valleys were filled first with fluvial sands and later with organic-rich estuarine clays
during sedimentation of the transgressive systems tract will be tested in the following
sections, which also evaluate the evidence that the Ravendiff and Princeton sandstones
both overlie the sub-Ravencliff unconformity but differ from each other in source area.
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GENERAL LITHOSTRATIGRAPHY
PRINCETON SANDSTONE
The Princeton Sandstone, named by Campbell and Mendanhall (1896), is a
gray, hard, very coarse-grained to granular, poorly-sorted, polymitic conglomerate and
pebbly sandstone at its type section near Princeton, West Virginia (Miller, 1974). The
sandstone thickens up to 60 feet at the eastern edge of the Pocahontas basin (Englund,
1979b) and is immediately overlain by the Pride Shale.

The sandstone is best

developed in its outcrop belt in southeastern West Virginia and adjacent Virginia. It thins
and pinches out to the northwest, where the Ravendiff sandstone is a thicker and more
persistent sandbody between the Avis Limestone and the Pride Shale.

RAVENCLIFF FORMATION
The Ravendiff sandstone is an important gas producer in the subsurface of
southern West Virginia.

Although the “Ravendiff’ is a term widely used by drillers,

Schalla (1984) is the first worker to formally introduce it as a stratigraphic unit.

He

defined the Ravendiff as a member of the Hinton Formation. The Ravendiff member is
bounded at the base by the Little Stone Gap Member (the Avis Limestone Member) and
above by a “hot shale marker bed”. Wrightstone (1985) and this study agree that the
“hot shale marker bed" of Schalla (1984) is the Pride Shale o f the Bluestone Formation.
Wrightstone (1985) raised the Ravendiff from member to formation and defined the
Ravendiff Formation as “the stratigraphic interval bounded below by the Little Stone
Gap Limestone (the Avis Limestone of Reger, 1926) and above by the Pride Shale
Formation of the Bluestone Group”.
This study defines the Ravendiff Formation as a formal stratigraphic unit
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between the sub-Ravencliff unconformity and the Pride Shale Member (Figure 7.2).
Typically, this formation is composed of the basal thick, massive, quartzose sandstones
(lower Ravendiff, or Ravendiff sandstone) and the overlying shales and thin sandstones
or siltstones (upper Ravendiff). Contact of the Ravendiff Formation with the underlying
strata is complex due to the erosional feature of its lower boundary and variation in
dominant lithology (Figure 7.2). The Ravendiff Formation shows a north-south linear
trend (Figure 7.3), which resulted from incised-valley fill as was discussed in chapter 4.

RAVENCLIFF VS. PRINCETON
Figure 7.4 shows surface to subsurface correlation of the Princeton Sandstone
to Glady Fork Sandstone interval in Mercer County, West Virginia. According to Miller
and Eriksson (1997), the Princeton Formation is a regional conglomeratic unit that
unconformably overlies gray to red mudstones of the upper Hinton Formation. Polymitic
conglomerates and cross-bedded sandstones of the lower Princeton Formation are
overlain by a laterally variable succession of rooted sideritic mudstones, tabular
sandstone bodies, thin coals, and leached paleosols.

The Princeton-Pride contact is

marked locally by a thin (to 0.5 m), quartz pebble conglomerate (Princeton-A sandstone
in this study) that truncates the underlying rooted facies and contains a variety of
gastropods, bivalves, and brachiopods.

Miller and Eriksson (1997) expanded the

Princeton to include also the mudstones and thin sandstones interval (upper Princeton)
below the highly radioactive Pride Shale.

This study agrees that the Ravencliff-

Bluestone or Princeton-Bluestone contact is the base of the highly radioactive Pride
Shale.
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Pride shale, Bluestone Formation
tavencliff shales and thin sandstones]

C t o * mes,0n

RAVENCLIFF FORMATION

sub-RavencJHf unconformity

TYPE

CONTACT

DEFINITION

1

No Massive Ravencllff sandstone; the Avis Limestone totally eroded.
The Pride Shale (or equivalent) contacts with Ravencllff shale and thin
sandstone or rocks older than the Ravencllff.

Ravencllff Formation either does not exist, o r is hard to define
where the Pride Shale is not distinctive.

II

No massive Ravencllff sandstone; the Avis Limestone partially trucated.
Ravencllff shales or thin sandstone overlie the Avis Limestone.

Ravencllff Formation is defined as the rock Interval between
the top of the Avis Limestone and the bottom of the Pride shale.

III

Massive Ravencllff sandstone usually overlies rocks older than
the Avis Limestone, o r sits directly on the Avis Limestone.

Ravencllff Formation Is defined as the Interval between the bottom
of the Ravencllff sandstone and the bottom o f the Pride Shale.

IV

No massive Ravencllff sandstone; the Avis Limestone totally preserved.
Sub-Ravencliff unconformity Is Interpreted to be at the base of the
Princeton Sandstone.

Ravencllff Formation refers to the strata between the
sub-Ravencliff unconformity and the Pride Shale. It Is, in
fact, the Princeton Sandstone in outcrops to the e a s t

Rgure 7.2

Schematic diagram showing variations of the Ravendiff Formation in the study area.

Ravendiff interval totally eroded
by sub-New River urcbnfaTrity

contour interval = 25 feet

Rgure 7.3 Isopach map of the Ravendiff Formation in the study area.
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Camp Creek interchange in central Mercer County, V\fest Virginia (Miller, 1997, personal
communication). The subsurface gamma-ray log is from well MER-118 located in extreme
western Mercer County. MER-118 is also shown in figures 3.6,4.19, and 7.6.
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The correlations shown in Figure 7.4 are extended to the well-log cross sections
of Figure 7.5 by well MER-118. The Princeton Sandstone is concentrated at the eastern
margins of the cross sections.

On cross section RC-II’, the Princeton Sandstone

pinches out northwestward at well RAL-491, whereas the Princeton-A sandstone, albeit
thinner, appears to be more extensive in occurrence and uniform in thickness. On cross
section RC-HH’, the Princeton Sandstone pinches out northwestward between RAL-777
and RAL-297.

The stratigraphic position of the Princeton Sandstone appears to be

higher than the majority o f Ravendiff sandstone. The correlations of several marker
beds between the Avis Limestone and the Princeton Sandstone suggest that an angular
contact is present between the Princeton and the underlying strata. Delineation of this
unconformity and recognition of the Princeton Sandstone in the subsurface supports the
claim made in chapter 4 that the Ravendiff and the Princeton were deposited on the
same unconformity surface.
In summary, the sub-Ravencliff unconformity extends from the base of the
Ravendiff sandstone in the subsurface to the base of the Princeton Sandstone at the
surface.

In the study area, the Princeton Sandstone is limited in its distribution and

subordinate to and slightly younger than the majority of Ravendiff sandstone in the
lower Ravendiff Formation.

BLUESTONE FORMATION
The Bluestone Formation is characterized by black to dark-gray shales in its
lower part and varicolored shales, with lesser amounts of sandstones, siltstones,
limestones, and a few coal beds in its upper part (Miller, 1974).

Englund (1979a)

divided the Bluestone Formation into, in ascending order, the Pride Shale, Glady Fork
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Sandstone, Gray, Red, Bramwell, and Upper members (Figure 7.6).

The Upper

member intertongues with the Lower Sandstone Member of the Pocahontas Formation
(Englund, 1979b). The conformable nature of the Pennsylvanian/Mississippian contact,
however, remains a debatable topic.
The Pride Shale consists principally of dark-gray to black, evenly bedded shale
that grades to dark-gray argillaceous siltstones and sandstones (Miller, 1974). It thins
from a maximum thickness of approximately 250 feet in southeastern West Virginia to
approximately 50 feet beneath the New River, 50 miles to the northwest (Englund,
1979b).

On gamma-ray logs the shale exhibits the characteristic signature of a

coarsening-upward succession (Figure 7.4). Its basal part is generally highly radioactive
and is represented by a high gamma-ray reading. On outcrop, this highly radioactive
interval

commonly contains carbonate

concretions

bearing marine

invertebrate

(foraminifera and bivalves) and vertebrate (fish) fossils (Weems and Windolf, 1986).
The Bluestone Formation reaches a maximum thickness of approximately 700
feet in eastern Raleigh County.

It gradually thins to the north and northwest to

approximately 300 feet where the rate of thinning increases due to the truncation at the
sub-New River unconformity (Figure 7.7).

POCAHONTAS FORMATION
The Pocahontas Formation is preserved as a northwestward thinning wedge at
the eastern edge of the central Appalachian basin.

It is a coal-bearing interval

composed mostly of sandstone and lesser amounts of siltstone, shale, coal, and
underclay (Englund, 1974; Miller, 1974).

The sandstones are generally gray to light
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Upper mbr

C

Pocahontas No. 3
coal bed

c

S qure Jim co al bed

A coal-toeanng sequence consisting of interbedded sandstone, siltstone. shale, and
underday deposited in a northwest-prograding deltaic system and nearshore
environments. Sandstone is most abundant consituiting about 70% of the formation;
Siltstone. shale, and underday. 28%. and coal, the remaning 2%. The formation
thins from about 700 feet in southwestern Virginia northwestward for about 30 miles,
where it wedges out in the subsurface.

►
— Lower Sandstone Member
Bramwell Member

Red m ember

Upper Member Graytsh-red and greenish-gray shale and siltstone of Early Pennsylvanian.
Thickness 0 - 8 0 feet
Bramwell Member Medium-gray to medium-dark-gray calcareous shale and siltstone
locally grading to fine-grained sandstone. Maximum thickness 120 feet
Red member graytsh-red calcareous shale, siltstone, and sandstone with lesser thin beds
of argillaceous limestone, underday. and coal. Maximum thickness 350 feet

Gray membe r
Gtady Fork
Sandstone M b r
Pnde Shale Member

Gray member a wedge of mteroedded shale, sandstone, siltstone. underday. coal, and
argtllaceous limestone with maximum thickness of 215 feet
Giady Fork Sandstone: light-gray silty, npple-bedded sandstone to coarse conglomeratic
subgraywacke Thickness 0 to more than 100 feet
Pnde Shale: dark-gray evenly bedded shale that grades locally to silty shale or to
mtertammated siltstone and shale. Maximum thickness about 200 feet
A light-gray, polymidic conglomerate to a coarse conglomeratic subgraywacke with
maximum thickness around 60 feet

Tallery Sandstone Mbr.

Little Stone Gap M br
(Avts Limestone)

The Hinton Formation is characterized by an abundance of grayish-red. partly calcareous
shale and siltstone with smaller amount of medium-gra and greenish-gray shale, sandstone,
fossilrferous limestone, thin coal beds, and underday.
The Tallery Sandstone: the most widely distnbuted of sandstone members m the upper
portion of the Hinton, which is locally conglomeratic orthoquartzite

Union
Formation

The Little Stone Gap Member (Avts Limestone): an abundantly fossiliferous limestone,
argillaceous limestone, and calcareous shale up to 100 feet m thickness.

Stony Gap
Sandstone M br

The Stony Gap Sandstone, basal unit of the Hinton, is a well-sorted orthoquartzite that is
interpreted as deposits of coalescing offshore bars.

The Bluefield Formation consists of mediim- to medinvdark-gray, greenish-gay. and
grayistvred partly calcareous shale interbedded with limestone and argillaoecus limestone
Locally the formation indudes siltstone and sandstone beds as mjch as 80 feet and a
few coal beds assodated with mated underday and carbonaceous shale Thefcrmaticn
attains a maximm thickness of about 1200 feet in southern Wfest Virginia Marine
deposition prevailed dm'ng the aoanulation of most Bluefieid sediments, but was
interrupted periodcaily by the seaward encroachment of nearshore rod. sand, and
freshwater marshes.

Blueffdd
rrrrt

c-coa bed

Greenbrier
Limestone

FEET

METERS

1 6 0 -K 4 E

Medium-gray, thick-bedded, very finely to coarsely crystalline limestone
with a few oolitic, cherty. and argillaceous beds. Marine invertebrates
are found throughout the formation.

Rgure 7.6 Columnar section of the Upper Mssissippian to Lower Pennsylvanian Pocahontas
interval in the east-central Appalachian basin (modified and summarized from Englund, 1979;
Englund, VMndolph, and Thomas, 1986; and Englund, Gllespie, Johnson and Pfefferkom, 1986).
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gray, very fine- to medium-grained, poorly sorted, micaceous, commonly feldspathic,
and generally lower in quartz content (Miller, 1974).
The Pocahontas Formation attains a maximum thickness of approximately 700
feet in southwestern Virginia, but thins to the north and west until it finally pinches out in
the subsurface in central West Virginia (Englund, 1974, 1979b; Miller, 1974; Englund
and Thomas, 1990). In the study area, this formation is approximately 600 feet thick in
extreme southeastern Raleigh County and is progressively truncated by the sub-New
River unconformity until being totally removed in western Wyoming, Raleigh, Fayette,
and Nicholas counties (Figure 7.8).

DEPOSYSTEM ANALYSES
GENERAL CHARACTERISTICS OF THE SEQUENCE
The Ravencliff-Pocahontas sequence is depicted in more detail by two
northwest-oriented well-log cross sections (Figures 7.9 and 7.10).

This sequence

occurs stratigraphically between two boundary unconformities, the sub-Ravencliff (SB 3)
and the sub-New River (SB 4). The sub-Ravencliff unconformity is not preserved in the
areas where the entire sequence is removed by the sub-New River unconformity. The
Ravencliff paleovalley is evident in these northwestern-oriented cross sections.

The

paleovalley cut into the exposed shelf (previously occupied by the Avis sea) during a
relative sea-level fall.

The Ravencliff paleovalley was subsequently filled with fluvial

sands (the lower Ravencliff) and then estuary deposits (the upper Ravencliff) of the
transgressive systems tracts. These deposits were then capped first by more extensive
blanket marine sands (Princeton-A sandstone) and then by black mud (basal Pride
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Figure 7.8 Isopach map of the Lower Pennsylvanian Pocahontas Formation in the study area and
adjacent southwestern Virginia.
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are the same as cross section RC-GG in Figure 4.18. See Figure 7.6 for unit description of the Bluestone members.

Shale) during maximum marine flooding.

The highstand systems tract displays an

overall coarsening-upward trend, resulting from progradation of the BluestonePocahontas clastic wedge until it was punctuated by the widespread sub-New River
unconformity.

RAVENCLIFF SANDSTONE— INCISED VALLEY FILL
The evidence of paleovalley incision and formation of the related sub-Ravencliff
unconformity was presented and discussed in chapter 4. The Ravencliff incised valleys
were usually filled first with quartz-rich fluvial sand of the lower Ravencliff (Figures 7.5,
7.9, and 7.10). A fluvial origin for the Ravencliff sandstone is supported by core analysis
of previous studies, by the isopach map of the sandstone and by the geometry of the
sandstone in the cross sections.

Fluvial Evidence from Core Studies
According to Kamm and Heald (1983), the Ravencliff sandstone is a clean, white
to tan colored, fine- to coarse-grained quartz arenite.

Quartz pebbles up to two

centimeters in diameter are present throughout much of the sandstone.

The pebble

content increases locally to form conglomerates. Shale and limestone clasts commonly
occur within pebble zones in the basal section. These clasts are local and were ripped
up from the underlying strata (Kamm, 1981; Wrightstone, 1985).

Core analysis by

Kamm (1981) and Kamm and Heald (1983) and Wrightstone (1985) indicated that the
sandstone is fluvial rather than marine based on the following features:
1) the presence of large and angular clay clasts;
2) steeply dipping unidirectional cross-beds;
3) sharp and erosional basal contact;
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4) upward decrease in grain size and bed thickness;
5) slight increase in quartz content with the proposed flow direction (the south); and
6) lack of distinct marine indicators such as glauconite and marine fossils.

Relief and Trend and Extension of Incised Valleys
A fluvial origin for the Ravencliff sandstone is also apparent based on the
subsurface data from this study. The Ravencliff sandstone:
1) forms linear trends (Figures 7.11 and 7.12);
2) replaced, in areas, the marine Avis Limestone (Figures 4.21);
3) displays a sharp base on gamma-ray logs; and
4) was deposited on a concave scoured surface related to a regional unconformity.
Therefore, this study supports the fluvial origin proposed by other workers, and
furthermore suggests that the Ravencliff sandstone is a incised paleovalley fill.
The depth of the Ravencliff incised valleys and the amount of erosion of the
Hinton Formation can be estimated from the cross sections. On cross-section RC-BB’
(Figure 4.13), the center of the Valley B is near well Fay-260. At well Fay-216, the subRavencliff unconformity rests on the partially eroded Avis Limestone. Comparing well
Fay-260 with well Fay-216, the depth of Valley B is estimated at approximately 130 feet.
By projecting the valley floor at Fay-216 to the same stratigraphic position at Fay-260, it
is estimated that at Fay-260 at least 210 feet of the Hinton Formation (measured from
the Avis Limestone downward) was removed.

Valley A has approximately the same

depth as Valley B, but more Hinton strata were removed.

On cross-section RC-DD’

(Figure 4.15), the depth of the Ravencliff paleovalley at well Fay-572 is approximately
160 feet and at least 200 feet of the Hinton Formation was removed by fluvial
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Figure 7.11 Thickness of the RavendifF sandstone in the study area.
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Figure 7.12 The trends of the Ravencliff sandstone in southern West Virginia.
From Wrightstone (1985).
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erosion. The relief is approximately 140 feet on cross section S3-AA’ (Figure 7.9), 100
feet on S3-BB’ (Figure 7.10), and 110 feet on RC-HH’ and RC-I I’ (Figures 7.5). The
topographic relief seems to decrease slightly downstream in the study area.
Subsurface analysis of this study indicates that the Ravencliff sandstone forms a
narrow, elongate sand belt trending NNE (Figure 7.11).

Vertically, the Ravencliff

sandstone commonly occurs as a single massive basal sandbody in the lower Ravencliff
Formation in most of the study area.
thickness across the linear trend.

Laterally, the sandstone changes rapidly in

The eastern margin of the incised-valley system

seems to be sharper and straighter than its western margin. The profile of the incised
valley is asymmetric, generally deeper near its eastern margin (Figures 7.3 and 7.11).
Although overall the sandstone occurs as a single belt, multiple valleys probably
developed within this incised-valley system. Some trends are probably tributaries to the
main valley, or they are individual valleys, which together constitute the incised-valley
system. These trends strike NNW and occur mostly on the northwestern side of the
paleovalley system. One of these tributaries is called Valley B on cross section RC-BB’
(Figure 4.13). This tributary, which flowed southward along the Kanawha-Clay county
border, is separated from the main valley by the Gauley Mountain anticline (Figure
7.11), indicating control by a growing structure.

Wrightstone (1985) recognized five

trends of the Ravencliff sandstone in Wyoming, McDowell and Mercer counties (Figure
7.12). He interpreted each of these trends as an individual fluvial channel.
Within the study area, the Ravencliff incised-valley system ranges in width
generally from 10 to 30 miles. An individual valley is generally a few miles wide, in a
range between 1 to 7 miles (Wrightstone, 1985). As was discussed in chapter 4, the
Ravencliff incised-valley system very likely extended into northern West Virginia and
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across the West Virginia-Pennsylvania state line.

To the south, this system at least

reached McDowell County and some of the trends (Wrightstone, 1985) apparently
extended into southwestern Virginia (Figure 7.12). Miller (1974) reported a white, fineto coarse-grained and locally conglomeratic, quartzose, moderately- to well-sorted
sandstone between the Pride Shale and the Little Stone Gap Limestone (Avis
Limestone) in southwestern Virginia. Although Miller (1974) called this sandstone the
Princeton, lithologically it is more like the Ravencliff sandstone, and thus it is probably
the southward extension of some of the Ravencliff trends.

Therefore, the Ravencliff

incised-valley system probably extends across West Virginia from north to south, a
distance greater than 200 miles, and likely extends north into Pennsylvania and south
into Virginia. This incised-valley system delivered sediments to the southernmost West
Virginia and farther south from a source area to the north or northeast.

Paleogeography of Pre-Ravencliff Sandstone
The Ravencliff paleovalleys cut into the continental shelf previously occupied by
the Avis sea. The Avis Limestone is the last and most extensive transgressive unit in
the Greenbrier-Hinton sequence. The interval from the Avis Limestone to the top of the
Hinton Formation (upper red member of Wilpolt and Marden, 1959) includes a wide
variety of lithologies based on Reger’s (1926) outcrop description. A measured outcrop
section near Beckley in Raleigh County, West Virginia, provided to the author by Blaine
Cecil (USGS, Reston), indicates that this interval is characterized by interbedded
sandstones, siltstones, shales and red beds and it also includes at least 10 thin beds of
marine limestones, several coal seams and paleosols. Some of the shales are marine,
indicated by their marine fossil content.
nonfossiliferous;

however,

occasionally

Sandstones and siltstones are usually
marine

fossils

were

noted
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in

some

sandstones. The Falls Mills Sandstone (Reger, 1926) in the upper part of the interval
displays flaser bedding and bioturbation and is overlain by marine shale and limestone
at a roadcut on Route 77 near Beckley in Raleigh County, West Virginia. Blaine Cecil
(personal communication, 1997) and the present author believe that the observed Falls
Mill Sandstone probably was deposited in a tidal flat environment.

According to the

measured section, some of the thin limestones are dolomitic and one of them contains
interpreted algal mats and salt casts.

These features probably indicate a supratidal

environment in a semi-arid climate.

A semi-arid climate was also recorded in the

terrestrial redbeds and paleosols.

This is in agreement with the reconstructed

paleogeography of the Late Mississippian (Scotese and others, 1986; Witzke, 1990),
which places the Appalachian basin within the southern, subtropical monsoonal belt.
In summary, rocks of the upper red member of the Hinton Formation are
interpreted to represent a wide range of depositional environments from shallow marine,
to tidal flat, and to terrestrial. Overall the study area was close to the shoreline during
that period, in a region shifting frequently between marine and nonmarine environments
under a semi-arid climate. This is the paleogeographic background immediately before
the deposition of the Ravencliff sandstone.

Increasing uplift associated with the sub-

Ravencliff unconformity and a possible coeval lowering of eustatic sea level forced the
shoreline and the sea to retreat southward. The distance of shoreline shift roughly can
be estimated using the northern limit of the Avis Limestone and the interpreted shoreline
position of the Ravencliff sandstone. Based on this study, the Avis Limestone appears
to terminate in northern Nicholas County (Figure 6.24). According to Schalla (1984) and
Wrightstone (1985), the closest deltaic and shoreline deposits of the Ravencliff
sandstone is in southern McDowell County. The estimated shoreline shift from the Avis
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to the Ravencliff time is therefore over 100 miles.
The lowering of relative sea level exposed most of the study area and the region
to the north, causing subaerial erosion and valley incision.

During the sea-level

lowstand, the previous marine shelf was exposed to downcutting of the Ravencliff
incised paleovalleys. These incised paleovalleys, over 100 feet deep, were first filled
with fluvial sand of high quartz content and then by estuary mud and sand during the
succeeding transgression. High maturity of the Ravencliff sandstone can be attributed
to the hot and wet paleoclimatic setting. However, recycling of the underlying Mauch
Chunk quartzose arenites by erosion also probably contributed to the high quartz
content of the Ravencliff sandstone.
Table 7.1

Comparison and contrast between the Princeton Sandstone and the Ravencliff

sandstone (based on Kamm, 1981; Kamm and Heald, 1983; Wrightstone, 1985; Englund and
Thomas, 1990; and the outcrop observations of the present author).
PRINCETO N SANDSTONE

RAVENCLIFF SANDSTONE

LITHOLOGY

Subgraywacke or lithic arenite

Quartz arenite

T Y PE S O F CLASTS

Quartz, shale, siltstone,
limestone, chert, and ironstone

Mainly quartz, shale, and
shale

G RAIN SIZE

Fine- to coarse-grained sand

Fine- to coarse-grained sand;
pebbles

SO R TIN G

Moderately well-sorted

Very poorly to extremely
poorly sorted

TY PE O F CEM ENT

Quartz

Calcite

SED IM EN TA R Y
S TR U C TU R E

Cross bedding

Cross bedding

BASAL C O NTACT

Erosional

Erosional
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DEPOSYSTEM OF PRINCETON SANDSTONE
The Princeton Sandstone outcrops primarily at the southeastern edge of the
Appalachian coal region in southeastern West Virginia

and adjacent Virginia.

Northwestward into the subsurface this interval is quickly replaced by the Ravencliff
Formation.

The Princeton Sandstone is characterized by its polymitic content of

pebbles, which contrasts with the “clean" quartz-rich nature of the Ravencliff sandstone.
As a subgraywacke (Englund and Thomas, 1990), the Princeton contains clasts highly
diverse in composition, size, and abundance (Table 7.1).
The Princeton Sandstone differs from the Ravencliff sandstone in lithology, clast
composition, grain size, sorting and type of cement (Table 7.1). According to Pettijohn
(1975), sandstones like the Princeton Sandstone reflect a wider provenance, probably of
diverse bedrock lithology, and are generally the deposits of large rivers, either alluvial or
deltaic. In the Princeton Sandstone, most of the clasts seem to have been derived from
older sedimentary rocks. Clasts of limestone, shale and siltstone probably were derived
from local source rocks, whereas those of quartz and chert from distant sources
(Englund and Thomas, 1990). Coarser grain size in the Princeton Sandstone indicates
proximity to the source area.

At a road cut near Princeton, Mercer County, West

Virginia, this author noted that the erosional base of the Princeton Sandstone scoured
into the Falls Mill Sandstone (Reger, 1926), indicating channel erosion. Low maturity of
the Princeton Sandstone can be attributed to diversity of the source rocks, shorter
transport and greater source area relief. The diverse composition and grain size of the
clasts in the Princeton Sandstone reflect a different provenance from that of the
Ravencliff sandstone.
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Englund (1979b) suggested that the Princeton Sandstone occurred in a highenergy environment, where there was a rapid influx of coarse fluvial clastic material into
a coastal area of intensive storm waves and longshore currents. This study interprets
that the Princeton and Ravencliff sandstones were deposited on the same erosional
surface (the sub-Ravencliff unconformity).

However, the oldest rock of the Princeton

Sandstone is slightly younger than the majority of Ravencliff sandstone. A geographic
hypothesis for these two sandstones is suggested in Figure 7.13. In this hypothesis, the
Princeton and the Ravencliff represent two separated deposystems. Sediments of the
Ravencliff sandstone were primarily from the cratonic regions to the north and/or the
remnant Acadian orogen to the northeast.

By contrast, sediment sources of the

Princeton Sandstone were probably the tectonic highlands to the southeast or east.
Besides difference in source area, high quartz content in the Ravencliff sandstone may
also be attributed to longer distance of transport and lower gradient of the drainage
basin compared with the Princeton Sandstone.

UPPER RAVENCLIFF/PRINCETON—ESTUARINE DEPOSITS
In the subsurface, the upper Ravencliff Formation is basically a shale interval
interbedded with thin sandstones, except in some areas along the axis of the incisevalley system, where relatively massive sandstones, probably of bayhead-delta, exist
(Figures 7.5, 7.9 and 7.10).

Outcrop equivalents of the upper Ravencliff provide

valuable evidence regarding the depositional environments of this shaly interval. At the
Camp Creek Interchange section in Mercer County, Englund (1989) described an
interval of approximately 25 feet at the base of the Pride Shale. This interval (equivalent
of the upper Ravencliff), is medium- to dark-gray, sparsely rooted, shale and silty shale.
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Rgure 7.13 Schematic diagram showing speculated paleogeographic background during
deposition of the Ravencliff and Princeton sandstones. These two sandstones represent
two different deposystems with their own provenance and drainage basin. The primary
source area for the Ravencliff sandstone is the cratonic region to the north and/or remnant
orogenic source to the northeast, whereas that for the Princeton is the tectonic highlands
(Appalachian mountains) to the east or northeast Ravendiff rivers (bed load, braided to
meandering rivers. Donaldson and Shumaker, 1981) flowed within an indded valley system
assodated with the sub-Ravendiff unconformity. The Princeton sandstone is interpreted
as fluvial deposit on the same unconformity surface as the Ravendiff. The Princeton
(braided ?) river(s) also might have developed as a valley-fill system, but its gradient was
higher and extension is shorter than the Ravendiff valley.
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The presence of the rooted beds and a brightly-banded coal indicates fresh-water marsh
deposition. Coal seams, limestone nodules, and a thin bed of pebbly sandstone (the
Princeton-A sandstone of this study) commonly occur near the contact with the overlying
dark-gray Pride Shale. Miller and Eriksson (1997) reported that there are heterolithic
rhythmites filling small (<1 m depth) channels within the upper Princeton interval (Figure
7.4). These small channel fills display laminae bundling similar to that observed in the
Pride Shale. Miller and Eriksson (1997) interpreted that these rhythmites were formed
under the influence of tidal force.

The Princeton-A sandstone extends into the

subsurface of the study area and is widespread.

Marine fossils found in this unit

indicate that the sandstone was deposited in a marine environment. This conglomerate
has been interpreted as forming during a widespread marine transgressive event
(Weems and Windolph, 1986), and likely represents a lag deposit on a tidal ravinement
surface (Miller and Eriksson, 1997). This study, however, takes this surface as a wave
ravinement surface because of 1) lack of channelized morphology at the base of the
Princeton-A sandstone, 2) relatively planar geometry of the Princeton-A sandstone, and
3) regional extent of the Prince-A sandstone (Figures 4.14, 4.15, 7.5, and 7.10) (cf.,
Zaitlin and others, 1994)
In summary, the upper Ravencliff/Princeton shaly interval shows increasing
marine influence in the study area after the incised valleys were filled with fluvial sands.
As transgression continued, the incised valleys turned into an estuarine environment
with freshwater swamp, tidal deposits, and tabular marine sandstones. Deposition was
no longer confined within the incised valleys at the later stage as sea level and base
level rose.
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BASAL PRIDE SHALE—A CONDENSED SECTION
The highly radioactive basal Pride Shale represents the maximum flooding
surface (a condensed section).

This interval is commonly 10 to 20 feet thick and

overlies the Princeton-A sandstone or other older rocks.

It commonly contains

carbonate concretions bearing marine invertebrate (foraminifera and bivalves) and
fresh-water to brackish vertebrate (fish) fossils (Weems and Windolf, 1986).

In the

subsurface, the highly radioactive Pride Shale occurs only in a funnel-shaped region
(Figure 7.14A). Elsewhere, the shale becomes less radioactive or may be replaced by
sandstone facies.

Compared with the Ravencliff sandstone trend (Figure 7.14B), the

highly radioactive Pride Shale apparently overlies the incised valley where the Ravencliff
sandstone was deposited, suggesting that the incised valley was estuarine at its late
stage of development.

As depicted in Figure 7.14C, during the maximum regional

inundation, the submerged incised valley was probably covered by deeper and more
stratified water than the adjacent region, favoring deposition of its high organic content.

BLUESTONE AND POCAHONTAS FORMATIONS
The Bluestone to Pocahontas interval (highstand systems tract) shows an overall
coarsening-upward trend, composed of several small cycles. On cross sections S3-AA’
and S3-BB’ (Figures 7.9 and 7.10), preliminary attempts were made to correlate the
Glady Fork Sandstone Member, the Gray member, the Red member, and the Bramwell
Member of the Bluestone Formation into the subsurface.

Based on the preserved

section, the westernmost progradation of the clastic wedge occurred at the upper part
(roughly

the

equivalent

of

the

Red

member)

of

the

Bluestone
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Figure 7.14 Comparison of the area of the highly radioactive basal Pride Shale (A) with the linear trend of the Ravencliff
sandstone (B). The basal Pride Shale is more radioactive within the trend of the Ravencliff paleovalley system. During
the time of basal Pride Shale the previous paleovalleys, submerged under sea, were deeper in water depth (C) and the
water was probably more stagnant, allowing deposition of marine mud with high organic content.

The lower part of the Bluestone Formation is a shaly interval, represented by the
Pride Shale, whereas the upper part of the formation is marked by interbedded
sandstones and shales.

The Pride Shale is basically a uniform lithologic unit

characterized by high radioactivity, which decreases upwardly. Thickness of the Pride
Shale ranges from a few tens of feet to over 200 feet, depending on the lowest position
of the overlying sandstone.

The Pride Shale, as the lowest part of the highstand

systems tract, is composed of rhythmically interlaminated dark gray shale and finedgrained sandstones, in which plant fossils and small, thin-valved bivalves (S a n g u in o lite s ,
M o d io lu s

sp.) are locally abundant (Miller and Eriksson, 1997). The Pride Shale has

been previously interpreted as a lagoonal (Miller, 1974), shallow-marine or estuarine
deposit (Englund, 1989). A recent outcrop study by Miller and Eriksson (1997) suggests
that the Pride Shale was deposited in an extensive prodeltaic environment of rapid
sedimentation (centimeters to decimeters per year).
The Pride Shale in places grades upward into the Glady Fork Sandstone
Member (Englund, 1979b).

According to Englund (1979b), this sandstone ranges in

composition from silty, ripple-bedded fine-grained sandstone to coarse conglomeratic
subgraywacke. Clasts in the member are diverse in composition, size and abundance
and consist of well-rounded to angular fragments of quartz, shale, siltstone, limestone,
chert, and ironstone.

Englund and Thomas (1990) interpreted the Glady Fork

Sandstone as a deltaic deposit.

Although the Glady Fork Sandstone is the most

important and thickest (up to 100 feet or more) sandstone unit of the Bluestone
Formation at the outcrop, northwestward into the subsurface of the study area, this
sandstone becomes less widespread and thinner (Figures 7.9 and 7.10).
The remaining Gray, Red, Bramwell and Upper members of the Bluestone
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Formation consist of varicolored shales and siltstones, with lesser amount of sandstone,
limestone, coal, and underclay (Miller, 1974). The Gray member is basically restricted
to the outcrop belt (Englund, 1979b) and may become a shaly facies of the Glady Fork
Sandstone in the study area as is indicated at wells Fay-323, Fay-572 (Figure 7.9), Fay292, Fay-473, Fay-159 and Fay-460 (Figure 7.10).

The upper part of the Bluestone

Formation is dominated in thickness by the subsurface equivalent of the Red member
(Figures 7.9 and 7.10), which is interpreted as predominantly tidal flat deposits (Englund
and Thomas, 1990). Coastal environments were also recognized in outcrop, where it is
characterized

by lenticular fluvial sandbodies,

discontinuous

coal

seams,

and

calcareous paleosols, indicating a dry to seasonally dry paleoclimate (Cecil and Dulong,
1992).

In the study area, this interval is largely composed of sandstones. The Red

member is as much as 350 feet thick in southeastern West Virginia (Englund, 1979b)
and thins westward into the study area to approximately 150 feet (Figures 7.9 and 7.10).
The Red member is overlain by the Bramwell Member, a unit consisting predominantly
of medium-gray to medium-dark-gray calcareous shale and siltstone, which coarsens
upward and locally grades to a very fine- to fine-grained ripple-bedded sandstone
(Englund, 1979b). Fresh-water and brackish fauna change upward into a highly diverse
marine fauna (Englund and Thomas, 1990), indicating an increasing marine influence.
The Bramwell Member represents a marine transgression over the coastal-plain
deposits of the Red member (Cecil and Dulong, 1992). In the subsurface of the study
area, the Bramwell Member is consistently shaly and separates the basal Pocahontas
sandstone from the sandstones (Figures 7.9 and 7.10) or redbeds (Figure 3.4, Ral-294)
of the Red member of the Bluestone Formation. This unit thins northwestward from a
maximum of 120 feet in southeastern West Virginia (Englund, 1979b) to approximately
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30 feet in Fayette County (Figures 7.9 and 7.10).
differentiated in this study.

The Upper member is not

This unit is Early Pennsylvanian in age and consists of

prodeltaic grayish-red and greenish-gray shales that overlap the basal deltaic lobes of
the Pocahontas Formation (Englund and Thomas, 1990).
The Pocahontas Formation, where present, is partially eroded by the sub-New
River unconformity in the study area. It becomes sandier to the southeast in eastern
Raleigh and Wyoming counties (Figures 3.3 and 3.4). The Pocahontas sandstones are
largely limited to the southeastern edge o f the Appalachian coal basin (Figure 7.15),
where sandstone constitutes approximately 70 percent of the formation (Englund, 1974).
The Pocahontas Formation has been interpreted as coastal plain and near-shore marine
deposits associated with multiple northwestward prograding deltas (Miller, 1974;
Englund, 1974, 1979b; Englund and Thomas, 1990). This formation is gray in color,
contrasting with the red and green Bluestone (Miller, 1974). Plant fossils are abundant
throughout the Pocahontas and fresh- or brackish-water pelecypods and

L in g u la

are

also noted (Englund, 1979b), but no marine fossils have been reported. The marine
conditions during Bluestone deposition were replaced by predominantly fresh-water and
continental depositional environments during Pocahontas time.

The gray color and

extensive coal deposits in the Pocahontas Formation are indicative of climatic change
from the dry or seasonally dry climate of the Late Mississippian to the ever-wet climate
during the Early Pennsylvanian (Cecil, Grady, and Englund, 1992).
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WEST VIRGINIA

VIRGINIA.

Figure 7.15 Isopach maps of the sandstone in the lower unit of the Pocahontas
Formation (A), modified from Englund (1974), and the middle sandstone member
of the Pocahontas Formation (B), modified from Englund, Windolph, and Thomas
(1986).
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SUMMARY OF RAVENCLIFF INCISED-VALLEY SYSTEM
The recognition of the Ravencliff incised-vailey system is of both scientific and
economic significance.

The lower part of the Ravencliff incised-vailey deposits, the

Ravencliff sandstone, has been an important gas producer in southern West Virginia. In
the sequence-stratigraphic scheme, the occurrence of incised-vailey systems is an
important criteria for the identification of type-1 sequence boundaries (Posamentier and
Vail, 1988; Van Wagoner and others, 1990).
The Ravencliff incised-vailey system (Figure 7.14) of the Ravencliff-Pocahontas
sequence is represented by a north-south oriented sandstone belt along a regional,
angular

unconformity

(the

sub-Ravencliff

unconformity).

The

sub-Ravencliff

unconformity, a type-1 sequence boundary, resulted from a tectonically-induced relative
sea-level fall that forced the shoreline to retreat southward. Accompanying the regional
truncation that increases its intensity northward (upstream), incised valleys were carved
into the exposed shelf by fluvial process as is indicated by the linear, negative
topographic features that cut into previously-deposited marine sediments, for example,
the Avis Limestone. Certain structural features, such as the inferred Gauley Mountain
anticline, apparently influenced the distribution of the incised valleys.
During the succeeding relative sea-level rise, the incised valleys were filled first
with quartz-rich fluvial sands (the lower Ravencliff)-

Individual fluvial channels were

narrower than the incised valleys and are probably braided streams in nature.

As

relative sea-level continued rising, the incised valleys were turned into estuaries, filled
with

mud-dominated

deposits

of

tidally-influenced

environments

Ravencliff/Princeton).
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(the

upper

As transgression continued, marine environments invaded the incised-valleys. A
wave ravinement surface, which was overlain by transgressive marine sands (the
Princeton-A sandstone), truncated part of the tidally-influenced deposits in the incised
valley. This transgressive erosional surface extended beyond the incised valleys and,
on some topographic highs, it merged with the lower sequence-bounding unconformity.
At the maximum marine flooding, the incised valleys were capped by open
marine muds (the basal Pride Shale). Within the incised valleys, where the water was
deeper and probably more stagnant, the marine muds were rich in organic material,
which causes high radioactivity on gamma-ray logs.
The incised-valleys fills were finally buried under the deposits of the highstand
systems tract (the Bluestone and Pocahontas formations), as fluvial-deltaic systems
from the orogenic source areas prograded northwestward into the study area.

The

Ravencliff-Pocahontas sequence was then punctuated by its upper sequence boundary,
the sub-New River unconformity (a type-1 sequence boundary).
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CHAPTER 8:

NEW RIVER-CHARLESTON SEQUENCE

INTRODUCTION
The Pennsylvanian rocks in the central Appalachians have been described in
many previous publications and
controversial.

yet questions

concerning their origin

remain

As regard to the New River-Charleston sequence, this study (1)

correlates the Lower to Middle Pennsylvanian interval from the Pocahontas basin to the
Dunkard basin, (2) delineates the sub-New River unconformity in the study area and
reveals its erosional patterns, and (3) discusses drainage systems and a cut-and-fill
relationship associated with the dissected sub-New River erosional surface.
The New River-Charleston sequence is bounded by the sub-New River
unconformity below and the sub-“Mahoning" unconformity above; with the Betsie Shale
of the Kanawha Formation as the maximum flooding surface (Figures 2.2 and 3.16). In
this chapter, lithostratigraphic and sequence-stratigraphic frameworks for the New
River-Charleston sequence are first introduced using two regional cross sections.
Interpretations of drainage patterns and incised-vailey systems are based on analyses
of nine additional cross sections, a subcrop map and several thickness maps. Finally,
the origin of the New River quartzose sandstones is summarized regarding its source
areas and depositional environments.
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GENERAL STRATIGRAPHIC FRAMEWORK
INTRODUCTION
The New River-Charleston sequence overlies the sub-New River unconformity in
the study area. This sequence includes the New River and Kanawha formations and the
lower part of the Charleston Sandstone (Figures 2.2, 3.16, 8.1 and 8.2).

The

transgressive systems tract consists of a coarser lower part of the New River
paleovalley fills and a finer upper part of the lower Kanawha Formation. The highly
radioactive Betsie Shale caps the transgressive systems tract as the maximum flooding
surface.

The highstand systems tract consists of the middle and upper Kanawha

divisions and the lower Charleston Sandstone. The upper boundary unconformity, the
sub-“Mahoning", is not as well established as the sub-New River unconformity, and its
stratigraphic position is largely based on previous studies of other geologists (Arkle
1974; Wagner and Lyons, 1997).

However, preliminary correlation of the sandstone

beds in the Charleston Sandstone suggests an extensive unconformity at the base of
the “Mahoning” sandstone (Figure 8.2).

LITHOSTRATIGRAPHIC OVERVIEW
New River Formation
The lower boundary of the New River Formation is the base of the No. 8
Pocahontas coal in areas where it is conformable with the underlying Pocahontas
Formation, but is the base of the Pineville Sandstone where the No. 8 Pocahontas coal
is absent (Englund, 1979b). The upper boundary is the base of the Lower Douglas coal
or, in its absence, the top of the Nuttall Sandstone (Miller, 1974; Arndt, 1979). However,
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Rgure 8.1 A northeast-trending stratigraphic cross section (S4-AA1) showing the New River-Charleston
sequence using the Betsie Shale as datum. The Charleston Sandstone is not well preserved in this region
and only occurs on some hill tops.
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regionally the Nuttall Sandstone is not the stratigraphically-highest quartzose sandstone
in the New River Formation (Blake, 1997) (also see Figure 8.18).
In the Appalachian basin there are basically two lithosomes for the New River
and its equivalents: the mature lithosome and the immature lithosome.

The mature

lithosome is represented by the thick, massive quartz arenites of the New River
Formation in West Virginia, the Lee Formation in eastern Kentucky and southwestern
Virginia, the Sharon Sandstone in Ohio and northwestern Pennsylvania, and the Olean
Sandstone in northwestern Pennsylvania. The immature lithosome is characterized by
sublithic to lithic arenites with lesser amounts of siltstone, shale, mudstone, and coal
(Englund, 1979b; Houseknecht, 1980; Blake, 1992).

This lithosome occurs in the

eastern part of the Pocahontas basin and is represented by the New River Formation in
southeastern West Virginia and adjacent Virginia, and the Bottom Creek, Alvy Creek,
and Grundy formations of the Breathitt Group in eastern Kentucky (Chesnut, 1992,
1994). The New River Formation is quartz-rich in most of the study area, but it becomes
more shaly and lithic roughly from central Wyoming, Raleigh, Fayette, and Nicholas
eastward (Figures 3.3 to 3.7 and 3.9), suggesting occurrence of the immature lithosome
in these areas. The immature lithosome has been interpreted as fluvial-deltaic deposits
carried by northwest-flowing rivers from a southeastern, low-grade metamorphicsedimentary provenance (Miller, 1974; Englund, 1979b; Houseknecht, 1980; Donaldson
and others, 1985; Chesnut, 1988, 1992, 1994). The origin for the New River (and its
equivalents) quartz arenites has been a controversial topic and several hypotheses have
been proposed.

However, many recent studies, including this one, suggest a fluvial

origin.
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Kanawha Formation
The Kanawha Formation consists principally of interbedded lithic sandstone,
siltstone, shale, underclay, and coal (Amdt, 1979). The upper boundary of the Kanawha
Formation is the top of the Kanawha Black Flint of White (1891).
The fluvial-deltaic sandstone, shale, and coal succession of the Kanawha
Formation is punctuated by abundant and widespread transgressive marine zones
(Chesnut, 1989; Donaldson and Eble, 1991; Blake and others, 1994). These marine
zones include, in ascending order, the Betsie Shale, the Dingess Shale (Kendrick Shale,
Breathitt Formation of eastern Kentucky), the Winifrede Shale (the Magoffin Member,
Breathitt Formation of eastern Kentucky), and the Kanawha Black Flint (the Stoney Fork
Shale of eastern Kentucky) (Figures 3.2 and 8.1). The marine zones commonly display
a coarsening-upward trend of shale, silty shale, siltstone, and sandstone (Chesnut,
1994). This is especially typical of the Betsie Shale in the study area (Figure 8.1); the
gamma-ray signature and its vertical variation are quite similar to those of the Sunbury
and Pride shales. The Betsie Shale may represent a eustatic sea-level rise (Riley and
Turner, 1995; Blake, 1997) and has been correlated with the Vanderbeckei marine band
in Europe (Riley and Turner, 1995). This highly radioactive marine shale is the most
extensive marine unit within the Kanawha Formation and represents the maximum
marine flooding within the New River-Charleston sequence.
A variety of models have been proposed to interpret the depositional
environments of the Kanawha Formation, including: (1) an upper and lower delta plain
model (Horne and others, 1978; Flores and Amdt, 1979; Donaldson and Shumaker,
1981; Donaldson and others, 1985; Ferm and Weisenfluh, 1989), in which fluvial-
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dominated deltas prograded northwestward across West Virginia and eastern Kentucky
into the mid-continent interior sea; (2) a back-barrier model (Hobday and Home, 1977);
and (3) a coastal plain model (Tankard, 1986b; Martino, 1989, 1992; 1994), which is
represented by a mosaic facies around the coastal area. The marine units have been
interpreted as interdistributary bay fills in the lower delta plain (Home and others, 1978;
Amdt, 1979; Flores and Amdt, 1979) and most recently as “sea fills” (Chesnut, 1989)
representing allocyclic processes driven by either eustatic sea-level rise (Busch and
Rollins, 1984) or tectonically induced subsidence of the foreland basin (Tankard, 1986b;
Klein and Willard, 1989; Greb and Chesnut, 1996).

Charleston Sandstone
The Charleston Sandstone includes strata between the top of the Kanawha
Black Flint and the base of the Conemaugh Group red beds or the top of “Mahoning”
sandstone (Arndt, 1979). It is composed of 70 percent or more sandstone and lesser
amounts of siltstone, shale, underclay, flint clay, and coal. Most of the sandstone is
fine- to coarse-grained and feldspathic, and is locally conglomeratic in its upper part.
Thickness of the Charleston Sandstone ranges from 367 feet north of Ward to
approximately 300 feet at Charleston, Kanawha County, West Virginia (Amdt, 1979).
The Charleston Sandstone has been interpreted as forming in distributary
channels, crevasse-splays, overbank-splays, and levees in an upper delta-fluvial plain
and its associated deposits of thinner siltstone, shale, underclay, flint clay and coal in
flood plains (Flores and Arndt, 1979). The “Mahoning” Sandstone has been interpreted
as a fluvial deposit with large-scale, unidirectional, trough cross-bedding indicating a
northwestward flow direction (Henry and others, 1979).
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SEQUENCE-STRATIGRAPHIC FRAMEWORK
In addition to the cross sections in Figures 2.2 and 3.16, two more cross sections
were constructed to show sequence-stratigraphic framework of the New RiverCharleston sequence (Figures 8.1 and 8.2). In cross section S4-AA’ (Figure 8.1), the
datum is the Betsie Shale of the Kanawha Formation. The Brush Creek Shale at the
base of the Conemaugh Group is the datum in cross section S4-BB’ (Figure 8.2). Cross
section S4-AA’ includes several wells in common with the cross section of Rice and
others (1987) (Figure 8.3), which traces the Betsie Shale from northeastern Tennessee
into central West Virginia. Coal seams were identified when the density or neutron logs
are available. Figure 8.4 integrates gamma-ray logs, strip logs of cores and a measured
outcrop section for the Lower to Middle Pennsylvanian interval. The strip logs and the
measured outcrop section were provided West Virginia Geological and Economic
Survey.

This cross section provides control on formation boundaries (New River-

Pocahontas, Kanawha-New River, and Charleston Sandstone-Kanawha) and positions
of some marine shales within the Kanawha Formation. Notice that well Boo-1277 is also
shown in cross section S4-AA’ (Figure 8.1) and well Boo-988 in cross section R-NW2
(Figure 3.4). Based on vertical changes in dominant lithologies, coal-bed morphology
and amount of marine influence, the Kanawha Formation is informally subdivided into
lower, middle and upper divisions using the bases of the Betsie and Winifrede shales as
boundaries (Blake, 1997) (Figure 8.1).

The Charleston Sandstone also is arbitrarily

divided into a lower part and an upper part using the sub-Mahoning unconformity as a
boundary (Figures 8.1 and 8.2). The upper Charleston is represented basically by the
“Mahoning" Sandstone.
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Figure 8.3 Gamma-ray log cross section from Rice and others (1987, Rgure 7) stewing correlation
of the Betsie Shale Member of the Kanawha Formation from southwestern to central West Virginia.
The quartz arenite units of the New River Formation are shaded.
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Figure 8.4 Comparison of gamma-ray logs, strip logs of cores and a measured section for the Lower to Middle Pennsylvanian interval.

Cross Section S4-AA’
Cross section S4-AA’ (Figure 8.1) trends northeast and roughly follows the
western edge of the Pocahontas basin. The Betsie Shale serves as the datum for this
cross section.

Two other key marine shale units, the Dingess Shale (DS) and the

Winifrede Shale (WS), are also labeled on some of the well logs.
The New River and the lower Kanawha constitute the transgressive systems
tract of the New River-Charleston sequence. Along cross section S4-AA’, the New River
Formation thickens gradually to the southwest, showing rapid thickness change across
the Burning-Mann fault (between wells Cla-1066 and Cla-633).

The quartz-rich

sandstones commonly are separated by shale breaks, some of which contain coal
seams. W ithin a limited distance these shale breaks are traceable. Fluvial channels
apparently eroded some of the shale interbeds (CC in Figure 8.1). The overlying lower
Kanawha division consists of sediments deposited in various nearshore, coastal plain,
and lower to middle estuarine environments (Blake, 1997).

The lower Kanawha is

capped by the highly radioactive Betsie Shale, which represents the maximum marine
flooding and the end o f the transgressive systems tract. Regionally, the lower Kanawha
division and the Kanawha Formation thicken to the southeast with the W arfield anticline
as an important hinge (Figures 8.5 and 8.6).
The overlying middle to upper Kanawha interval occurs primarily in the areas
west o f the inferred Summersville fault. To the east the interval above the Betsie shale
is mostly removed by post-Paleozoic erosion. The middle to upper Kanawha interval is
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Figure 8.5 A thickness map of the lower Kanawha division (top of the New River Formation to base
of the Betsie Shale) in the study area.
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Contour Interval: 100 Feet

Rgure 8.6 A thickness map of the Kanawha Formation in the study area.
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marked by an overall coarsening-upward trend, of which the upper Kanawha is relatively
sand-rich (Figure 8.1) and is dominated by thick, m ultistoried sandstones (Blake,
1992,1997) of alluvial plains (Flores and Amdt, 1979).

Cross section S4-AA’ (Figure

8.1) indicates that the Kanawha interval becomes shalier northeastward across the
Buming-Mann fault. The Kanawha Black Flint, which tops the Kanawha Formation in
central W est Virginia occurs in parts of Kanawha, Clay, Nicholas, and Fayette counties
in W est Virginia (Reppert, 1979) and has been interpreted as a shallow marine
(Reppert, 1979), an estuarine or a shallow bay deposit (Rice and others, 1994).
According to Rice and others (1994), this chert and associated marine shale facies
probably represent the easternmost incursion of the sea from the west.
The Charleston Sandstone occurs mainly in the Dunkard basin, an area largely
west o f the East-Margin fault. East of the inferred Summersville fault the Charleston
mostly is removed by post-Paleozoic subaerial erosion. Along cross section S4-AA’ the
Charleston Sandstone only occurs on some hill tops.

Cross Section S4-BB
Cross section S4-BB’ (Figure 8.2) trends northwest and is mainly within the
Dunkard basin, where the New River to Kanawha interval was traditionally named as the
Pottsville Group.

Cross section S4-BB’ traverses one o f the main New River

paleovalleys in the study area and reveals the undulating surface o f the sub-New River
unconformity. The main paleovalley has its axis near the center o f the cross section,
where the paleovalley scoured into and through the Greenbrier Limestone.

The

transgressive systems tract (TST) in this cross section is prim arily composed of the
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massive New River quartz arenites.

The massive sandstones usually are stacked

together, but exhibit increasing shaliness away from the paleovalleys. The highstand
systems tract (HST) consists of the majority of the Kanawha Formation and the lower
Charleston Sandstone. It primarily is an interval o f interbedded shales, sandstones and
coal seams. Like the other highstand systems tracts, this highstand systems tract also
is characterized by a coarsening-upward succession.
The “Mahoning” sandstone is overlain by the Brush Creek Shale o f the Upper
Pennsylvanian Conemaugh Group.

The Brush Creek, a marine shale unit, has a

gamma-ray signature quite similar to those of the Sunbury, Pride, and Betsie shales.
Along cross section S4-BB’, the thickness of the New River Formation mostly
reflects the paleotopographic profile of the sub-New River unconformity. The Kanawha
Formation thickens gradually to the southeast, whereas the Charleston Sandstone is
relatively consistent in thickness at approximately 300 feet.

The Burning-Mann fault

apparently influenced preservation of the Upper Mississippian Mauch Chunk strata as
well as thickness of the New River Formation.

244

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

SUB-PENNSYLVANIAN DRAINAGE PATTERNS
PREVIOUS STUDIES
Flowers (1955, 1956) was probably the first worker reporting sub-Pennsylvanian
paleovalleys in the study area. He suggested that the trough-shaped, thin areas o f the
Greenbrier Limestone in northwestern W est Virginia (Figure 6.13) are caused by a
northwestward-flowing river on the post-Mauch Chunk erosional surface. Uttley (1974)
argued that these paleovalleys are the southern extension o f a south-flowing “Sharon"
river from northeastern Ohio or farther north.

Beuthin’s (1989, 1994) study on the

Mississippian-Pennsylvanian contact in northwestern West Virginia (Figure 8.7) supports
Uttley’s (1974) interpretation.

Rice (1984) and Rice and Schwietering (1988) also

suggested south- or southwest-flowing river systems based on their studies of Early
Pennsylvanian rocks in the central Appalachians (Figure 8.8).

According to their

hypothesis, the Sharon River was captured and thus diverted into the Appalachian basin
during Early Pennsylvanian time by the paleovalley cut into the Greenbrier Limestone in
Wood County, West Virginia (Flowers, 1955, 1956).

DRAINAGE PATTERNS
The erosional pattern of the sub-New River unconformity (Figure 8.9) and the
thickness pattern of the immediately overlying unit (Figures 8.10 and 8.11) are
considered most important to the drainage analysis solely involving subsurface data.
Thickness maps o f some underlying units (Figures 8.12, 8.13 and 8.14) indicate erosion
of paleovalleys into the subjacent rocks o f the sub-New River unconformity. Subsurface
data from this study supports the hypothesis of Rice (1984) and Rice and Schwietering
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Figure 8.7 A: Paleodrainage map of the sub-Pennsylvanian unconformity in northwestern West Virginia showing axes of trunk streams (heavy
solid lines), tributary streams (thin solid lines), inferred flow direction (indicated by arrows), and areas of paleotopographic highs (indicated
by "H"s). B: Regional paleodrainage map of the sub-Pennsylvanian unconformity in the central Appalachian basin. Both maps are modified
fromBeuthin (1994).
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Rgure 8.8 Dstribution of Upper Mississippian rocks and inferred Late Mississippian-Eariy
Pennsylvanian drainage system, Kentucky, Ohio, West Virginia, and parts of adjacent states.
Modified from Rice and Schwietering (1988).
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Rgure 8.9 Drainage systems of stage 1 (dashed lines) and stage 2 (thick solid line) inferred from the subcrop
map of the sub-New River unconformity in the study area. Arrows indicate flow directions. See the text for
more discussion.
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Rgure 8.11 Image map depicting the geometry of the sub-New River unconformity surface at the end
of New River Formation deposition, overlaid with the inferred drainage systems of stage 2 (the Early
Pennsylvanian) in the study area. Compare with Rgure 8.9 for labels of streams R2, R3, and R4.
Structure of the unconformity surface is based on uncompacted thickness of the New River Formation,
whose top roughly represents a time line though slight change in age is expected from the southeast
to the northwest
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and the Reynolds Limestone (B) in the study area overiayed with the inferred drainage systems of stage 1 and stage 2. Arrows indicate
flow direction. The shaded areas indicate that the limestones are partially eroded by the sub-New River unconformity.

BASEMENT
SUB-BLOCKS^

WF:
BM:
BF:
SF:
INF:
EMF_E:
EMF_W:

r

N

a-

0

rri

10

0

km

16

?

Warfield anticline' - _
Buming-Mann fault
/ |
Beckley fault
V
Summersville fault
c
Interior fault
East-Margin fault east of BM ' '
East-Margln fault west of BM

i .

.y

inferred drainage
systems o f stage t

[

Known o r Inferred
basement faults
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associated with the sub-New River unconformity- The structural framework is based on Shumaker
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Figure 8.14 Map showing relationships between the thickness patterns of the Mississippian
System and the inferred drainage systems of stage 1 in the study area. Northwest of the thick
dashed line, thinning of the Mississippian is at least partially due to erosion associated with the
sub-New River urx»nforrnity.
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(1988) concerning drainage development during the latest Mississippian and Early
Pennsylvanian in the central Appalachians. Two stages of drainage development were
recognized: an earlier stage (Stage 1) with streams flowing to the northwest and a later
stage (Stage 2) with streams flowing to the southeast and the southwest.

Drainage Pattern of Stage 1
The subcrop map of Figure 8.9 reveals a dissected erosional surface.

Four

rivers, flowing northwestward to Ohio, were recognized and labeled R1, R2, R3, and R4
(Figure 8.9). These northwest-draining rivers are considered by this study to have been
the tributaries o f Rice’s (1984) Sharon-Brownsville paleovalley system, which flowed
southwestward from northwestern Pennsylvania, through Ohio, to Kentucky and farther
south (Figure 8.8). A northeast-flowing stream, R5, apparently became a lost river to a
sinkhole in central-eastern Jackson County. R6 might also flow to the same sinkhole.
Paleokarst topography evidently formed in northwestern West Virginia, where the
Greenbrier Limestone was exposed during latest Mississippian to Early Pennsylvanian.
Headwaters of R1, R2, R3, and R6 are near an escarpment following the East-Margin
fault, where the exposed bedrock is either the Hinton or the Ravencliff.

The main

drainage divide at stage 1 was probably near the East-Margin fault o f the Rome trough.
The drainage systems of stage 1 (Figure 8.15) were probably established during
the latest Mississippian. Inferred streams, R7, R8, and R9 as well as the lower reach of
the Gauley Bridge River (R10) (Figures 8.10 and 8.11) might also have already existed
by the end o f the Mississippian time.

The eustatic sea-level lowering at the

Mississippian-Pennsylvanian transition (Figure 2.9) apparently was responsible for the
drainage development of stage 1.
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Drainage Pattern o f Stage 2
The relationship between a subaerial erosional surface and its immediately
overlying sediment is just like that of a mold to a cast. Figure 8.11 roughly reflects the
geometry of the sub-New River unconformity surface at the end of the New River
deposition.

Thickness patterns of the New River Formation, especially its local

variations, in part reflect paleotopography on the sub-New River unconformity. Figures
8.10 and 8.11 clearly reveal some linear features (paleovalleys) on the sub-New River
erosional surface.
Drainage pattern o f stage 2 is characterized by two south- to southwest-flowing
master rivers, the W arfield-Burning Springs and the Gauley Bridge, in the study area
(Figure 8.11). These two master rivers (or paleovalleys) are separated by the W arfieldGauley drainage divide (Figure 8.11).
Significant changes in drainage systems occurred in this later stage, probably at
the Pocahontas-New River transition.

In the study area, the rivers primarily flowed

southwestward instead of northwestward or southeastward of stage 1. Of the two river
systems, the W arfield-Burning Springs River is most prominent and better defined. The
upper part of this river is in “Y” shape.

The two deep troughs cutting through the

Greenbrier Limestone in Wood and W irt Counties, northwestern West Virginia (Flowers,
1955, 1956) apparently merge in southwestern W irt County (Figures 8.10, 8,11, and
8.12). In Wood and W irt counties, the Warfield-Burning Springs River flowed alongside
the Burning Springs anticline (Figure 8.16), suggesting its structural control. This river
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extended northward into eastern Ohio and captured the Sharon-Brownsville river (Rice,
1984).

The Parkersburg River (Figures 8.10 and 8.11), based on Rice’s (1984)

interpretation, is a tributary to the W arfield-Burning Springs River. The Warfield-Burning
Springs river flowed southward from Wood County to Kanawha County; but deflected to
a southwestward direction where it met the Warfield anticline in Boone and Logan
counties and thus flowed along this positive structure (Figure 8.16).
The Gauley Bridge River followed the Interior fault of the Rome trough in Gilmer
and Calhoun counties, flowing southwestward; however, it turned southward and flowed
along the Buming-Mann fault to Fayette County (Figure 8.16).

This river system

probably flowed southwestward through western Raleigh and Wyoming counties and
eastern Mingo County and then into a paleovalley identified by Coskren and Rice (1979)
and Rice (1985) in eastern Kentucky and adjacent Virginia, which is called the
Middlesboro River by Beuthin (1994).
The Warfield-Burning Springs paleovalley is narrow in Wood, W irt, and Roane
counties, where the bedrock is the Greenbrier and/or the Reynolds limestones, but the
valley then broadens in Kanawha, Boone and Logan counties (Figures 8.10 and 8.11),
where the exposed bedrock is primarily the shales o f the Bluefield Formation (Figure
8.9). Thus, the bedrock lithology appears to be an important factor controlling channel
downcutting, lateral erosion and mass wasting.

In the paleokarst terrain of the

Greenbrier and Reynolds limestones, downcutting prevailed and lateral erosion was
minimal, resulting in narrow and deep paleovalleys such as seen in the two tributaries of
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the Warfield-Burning Springs River in Wood and Wirt counties.

The shales of the

Bluefield Formation were less resistant to fluvial erosion, particularly to lateral erosion,
which resulted in a wider paleovalley in Kanawha, Boone and Logan counties.
Stream capture was a common phenomenon during stage 2. R1, R2, and R3
were pirated by the trunk channel of the Warfield-Burning Springs River.

The upper

reaches of R1, R2 and R6 were probably captured by the Gauley Bridge River.
Headward erosion o f R10 probably extended the stream northward and finally formed
the Gauley Bridge River system. The main drainage divide in the study area migrated
northwestward from stage 1 to stage 2 (Figures 8.11 and 8.15). This migration could
result from erosional processes, or be influenced by tectonic mechanisms, such as
peripheral bulge (the Cincinnati Arch) uplift.
The drainage systems o f stage 2 were likely influenced by the same tectonic
event that resulted in the Early Pennsylvanian unconformity at the Pocahontas-New
River transition.

The change in drainage pattern from stage 1 to stage 2 probably

indicates reorganization o f the central Appalachian foreland basin. Change in drainage
pattern often is a sensitive indicator of variations in paleoslope, base level, and/or rate of
uplift. Increased uplift and expansion of the peripheral bulge (the Cincinnati Arch) in the
central Appalachians not only resulted in extensive erosion, but also modified the old
drainage systems. Lowering o f the base level increased channel downcutting, and as a
result, deeply incised paleovalleys were developed on the unconformity surface.

259

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

NEW RIVER PALEOVALLEY FILLS
Figure 8.17 is the index map of nine cross sections generated to show the New
River paleovalley fills and their relations to the underlying strata. These cross sections
are shown in Figures 8.18 to 8.25, of which two cross sections (NR-AA’ and NR-BB’)
trend northwest and the others trend northeast (Figure 8.17). Datum for these cross
sections is the top of the New River Formation with the exception of NR-HH’ (Figure
8.24) which uses the Betsie Shale datum.

Combined with the isopach map (Figure

8.10), correlation and interpretation of these cross sections provided an understanding
of stratigraphic relationships of the New River Formation in the study area.

THICKNESS TRENDS
The New River Formation overlies an unconformity surface and is the major part
of the transgressive systems tract. Southeastward increase in thickness (Figures 8.10
and 8.18) reflects differential subsidence of the foreland basin, whereas the local
thickness anomalies are primarily attributed to paleovalley fill upon the sub-New River
unconformity (Figures 8.10 and 8.11). This cut-and-fill relationship is particularly well
demonstrated in cross sections traversing laterally-confined valleys in northwestern
West Virginia (Figures 8.2, 8.20, 8.21, and 8.22).

On some paleotopographic highs

(labeled H1 and H2 in Figure 8.10), no New River rocks were deposited, and the unit
overlying the erosional surface is the Kanawha Formation.
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PALEOVALLEY GEOMETRIES
Generally, a paleovalley increases in width downstream. The Warfield-Burning
Springs paleovalley is approximately 5 miles wide (Figures 8.10 and 8.20) in Wood and
northern Wirt counties before it merges with the Parkersburg paleovalley (Figures 8.10
and 8.11).

Paleovalley width increases to approximately 10 miles in Roane County

(Figures 8.10 and 8.21) and to approximately 20 miles in Kanawha County (Figure
8.10). Most of the tributaries are approximately 5 miles wide or less, whereas the width
of the main paleovalleys usually ranges from 10 to 20 miles.
Paleovalley depth is approximately 200 feet for the upper part of the WarfieldBurning Spring River within the paleokarst terrain. The estimated paleovalley depth is
210 feet at well Wir-981 in cross section NR-CC’ (Figure 8.20), 250 feet at well Roa3450 in cross section NR-DD' (Figure 8.21), and 220 feet at well Roa-1483 in cross
section S4-BB' (Figure 8.2). Compared with the deepest part of the nearby paleovalley,
the estimated topographic relief is 320 feet for H1 and 340 for H3 (Figure 8.10).
ARCHITECTURE OF PALEOVALLEY FILL
Aggradation and Onlap
As base level was elevated during Early Pennsylvanian, sediments started to fill
the paleovalleys that cut into the sub-New River unconformity surface. Deposition was
first constrained within the incised paleovalleys, but later as base level continued rising,
the paleovalley margins were overtopped (Figures 8.2, 8.19, 8.22 to 8.25).

The

paleovalley-fill deposits of the New River Formation are aggradational in nature,
indicating an equilibrium between sediment supply and accommodation rate. On the
other hand, the erosional surface was onlapped as the paleovalleys were gradually filled
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(Figures 8.1 and 8.18). Such onlap is well illustrated in Figure 8.18. There, the basal
New River sandstone (Ss-A, Pineville Sandstone?) southeast of the drainage divide (at
wells Kan-2076 and Fay-504) is older than the basal New River sandstone (Ss-B)
northwest of the drainage divide. Sh-B on both sides of the drainage divide probably
was separated by fluvial cutting.

The dashed arrow in Figure 8.18 indicates

northwestward shift of fluvial channels on the unconformity surface.

Regionally,

paleovalley fill progressed from south to north, following the trunk channels of the
Warfield-Burning Springs and Gauley Bridge rivers. In the southern part of the study
area (Kanawha, Lincoln, and Fayette counties), the New River Formation is less
confined by the incised paleovalleys (Figures 8.18 and 8.19) as the topographic highs,
such as the Warfield-Gauley drainage divide, were buried and no longer constrained the
river systems. As a result, fluvial channels shifted with time (Figures 8.18 and 8.19). In
contrast, the paleovalley fill of the New River Formation is mostly confined within the
incised paleovalleys upstream in the paleokarst terrain (Figures 8.2, 8.20, 8.21, and
8.22).

In these areas, the incised paleovalleys commonly contain the most

amalgamated massive quartzose sandstones.
Sand-Filled Valleys
The New River paleovalley fill is characterized by quartz arenites, which are
separated in areas by shales, siltstones, and coal seams (Figure 8.1).

These

sandstones are massive and have a distinct blocky gamma-ray signature with very low
radioactivity (usually around 20 API units). On outcrop, according to Miller (1974) and
Chesnut (1988), the Lee Formation, an equivalent unit of the massive New River
sandstones, is also characterized by quartz arenites. The sandstones normally have
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scoured bases and contained large-scale cross beds, of which planer cross-beds are
most common (Miller, 1974).
Regionally, shaly units increase downstream to the south and the southeast
(Figures 8.1 and 8.18). Sandstone to shale thickness ratios of the New River Formation
probably reflect differential subsidence of the foreland basin. More shale is preserved
southeastward as the subsidence rate increased in that direction.
Thickness of the massive quartz arenites ranges from few tens of feet to
approximately 300 feet in the study area.

Vertical stacking of sandstones probably

accounts for occurrence of thick quartz-rich sandstone intervals.

For example, the

Warfield-Burning Springs paleovalley is filled with 260 feet of massive sandstone at Wir981 (Figure 8.20) and 310 feet of massive sandstone at Roa-3450 (Figure 8.21).
Mud-Filled Valleys
One of the incised paleovalleys was filled primarily with mud. This mud-filled
paleovalley (R4) occurs in northern Mason County (Figures 8.9, 8.10 and 8.11). As is
shown in Figure 8.20, the paleovalley is approximately 160 feet deep on cross section
NR-CC’. At well Mas-146, the stream scoured into the basal Greenbrier Limestone,
where only 22 feet of the limestone is preserved.

At well Mas-242 the paleovalley

removed the entire Greenbrier interval. Stratigraphic correlation suggests that although
different in lithology the paleovalley fill in R4 is largely the equivalent of the upper part of
the New River paleovalley fill in other valleys (Figure 8.20). Therefore, this paleovalley
was filled with mud probably during the late Early Pennsylvanian and earliest Middle
Pennsylvanian, prior the maximum marine flooding.
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ORIGIN OF NEW RIVER SANDSTONE AND EQUIVALENTS
The mature, massive New River quartz arenites and equivalents in the central
Appalachians have been of considerable interest to many geologists for their economic
and geologic importance. However, debates have continued for decades concerning
their basal contact, depositional environments and source areas. This study provided
favorable evidence for: (1) the existence of a mid-Carboniferous unconformity, (2) a
regional southwest paleoslope, (3) a fluvial origin for the quartz arenites, and (4) a
dominant cratonic source for the quartz sediment.
PALEOSLOPE AND DRAINAGE SYSTEMS
During the latest Mississippian and Early Pennsylvanian, a eustatic lowering of
sea-level accompanied later by tectonic upwarping of the Cincinnati Arch resulted in the
sub-New River unconformity in the study area. Northwestward progressive truncation is
evident (Figure 8.9) and structural folding appears to accompany the regional tilting.
Various anticlines are revealed on some of the New River cross sections (Figures 8.19,
8.20, and 8.22). For example, cross section NR-BB’ (Figure 8.19) suggests that the
Warfield anticline (at well Boo-1349) was a positive structure when the sub-New River
unconformity formed. However, further work is needed to define the distribution and
orientation of these anticlines.
Associated with the sub-New River unconformity are incised valleys, that indicate
a relative sea-level fall.

Some of these incised valleys are over 200 feet deep.

Paleovalley systems associated with the Mississippian-Pennsylvanian unconformity
have been reported widely in both the Appalachian and other continental interior basins
(Lamb, 1911; Siever, 1951; Flowers, 1955, 1956; Mrakovich, 1969; Bristol and Howard,
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1971, Couchot, 1972; Coskren and Rice, 1979; Rice, 1984, 1985; Filer, 1985; Krissek
and others, 1986; Beuthin, 1989, 1994).

In the study area, two sets of drainage

systems (Figures 8.9 and 8.11) were recognized. The drainage systems of stage 1
(Figure 8.9) were interpreted to have developed during latest Mississippian in response
to a global sea-level fall.

Most of the rivers (west of the East-Margin fault) drained

northwestward as tributaries to the Sharon-Brownsville River of Rice (1984), which
flowed southwestward from northwestern Pennsylvania, through Ohio, to Kentucky and
farther south probably to the Ouachita trough.

Another drainage system, flowing

southeastward, probably also existed to the east at the same time (Figure 8.15). The
drainage divide between these two systems seems to be east of and alongside the
East-Margin-fault of the Rome trough. The drainage systems of stage 2 (Figure 8.11)
probably resulted from the Early Pennsylvanian uplift of the Cincinnati Arch. During that
time, trunk channels of these systems flowed south-southwestward through the study
area (Figure 8.11), indicating a regional paleoslope to the southwest.
SOURCE AREAS
Vast amounts of quartzose sand in the Lower Pennsylvanian were probably
derived from weathering of mature parent rocks in northeastern North America (Hansen,
1984; Chesnut, 1988), i.e. the quartzose sands are recycled or multicycled.

Other

factors include an ever-wet tropical climate (Cecil and others, 1985; Donaldson and
others, 1985) and reworking by multilateral fluvial systems over a broad, extensive
coastal plain during slow subsidence (Donaldson and others, 1985; Donaldson and
Eble, 1991).

Proponents of the barrier-shoreline model (Ferm, 1971, 1974; Hobday,

1974, Horne and others, 1974) claim that the super-mature quartz arenites formed in a
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high-energy shoreline environment where labile grains were mechanically destroyed and
resistant quartzose sand concentrated.
In the study area, the Warfield-Burning Springs river system earned quartz-rich
sands from a northern cratonic source. This conclusion is in agreement with numerous
previous studies (Fuller, 1955; Meckel, 1967; Mrakovich and Coogan, 1974; Donaldson
and Shumaker, 1981; Rice, 1984; Donaldson and others, 1985; Rice and Schwietering,
1988; Chesnut, 1988, 1994; Donaldson and Eble, 1991; Beuthin, 1989, 1994; Wizevich,
1992). The Gauley Bridge river probably drained a northeastern provenance of the
northern Appalachian mountains, including its pre-Pennsylvanian clastic wedges.
Clastics from this provenance are less quartz-rich (Meckel, 1967) than are correlatives
from the cratonic source areas (Donaldson and Eble, 1991).
DEPOSITIONAL ENVIRONMENTS
Interpretation of deposition environments for the New River (and equivalents)
quartz arenites has been a source of controversy.

Chesnut (1988) summarized the

proposed hypotheses, that include: (1) a Lee-Newman bam'er-shoreline, (2) a beachbar, (3) a straits sand belt, (4) a tidal sandbelt, and (5) a fluvial sandbelt. Basically these
hypotheses can be grouped into two main schools of thought, the bam'er-shoreline
model and the tabular-erosion model.
Barrier-Beach Model
The barrier-beach model (Ferm and Cavaroc, 1969; Hobday, 1974; Horne and
others, 1971, 1974, 1978; Ferm, 1974; Miller, 1974, Barwis and Horne, 1979; Englund
and others, 1979; Hobday and Horne, 1977; Milici, 1979; Ferm and Weisenfluh, 1989)
treats all adjacent lithologies from the Upper Mississippian to Middle Pennsylvanian as a
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series of pene-contemporaneous lateral facies associations.

This model integrates

strata deposited in open marine and terrestrial environments separated by barrier-bar,
lagoonal, and lower delta-plain environments into a large facies continuum.

The

quartzose sandstones of the Lee (New River) formed in barrier-bar complexes, which
interfinger with lower deltaic-plain facies landward and the red and green shale facies of
the Mauch Chunk (Pennington) Group seaward. The Newman (Greenbrier) Limestone
was deposited contemporaneously in offshore, open marine environments.
Tabular-Erosion Model
The bam'er-shoreline model rejects the existence of a regional unconformity in
the Appalachian basin and consequently fails to recognize the importance of this
unconformity on deposystem reconstruction of the Mississippian to Pennsylvanian
interval. Proponents of the tabular-erosion model (for example, Miller, 1974; Donaldson
and Shumaker, 1981; Ettensohn, 1980, 1981; Chesnut, 1988), on the other hand,
recognize the regional unconformity as a discontinuity surface separating two genetically
unrelated sequences. The Early Pennsylvanian quartz arenites have been interpreted
as fluvial (Potter and Siever, 1956a, 1956b; BeMent, 1976; Short, 1978; Donaldson and
Shumaker, 1981; Hester and Taylor, 1981; Green, 1982; Rice, 1984, 1985; Donaldson
and others, 1985; Hansen, 1984; Krissek and others, 1986; Rice and Schwietering,
1988; Chesnut, 1988; Beuthin, 1989, 1994; Wizevich, 1989, 1992; Donaldson and Eble,
1991; Greb and Chesnut, 1996; Hurd and Stapor, 1997), barrier-tidal channel or tidal
delta (Miller, 1974; Englund and Thomas, 1985), and deltaic (Ellsworth, 1976). The
fluvial model has benefited from recent regional subsurface and outcrop studies.
According to the fluvial model, the quartz arenites were deposited primarily in southsouthwest flowing braided or bedload-

dominated rivers.

The Ganges-lndus
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foreland basin has been suggested as a modem analog for the Early Pennsylvanian
Appalachian foreland basin with a south-southwest flowing trunk stream draining the
North American craton (Donaldson and Shumaker, 1981; Chesnut, 1988; Hurd and
Stapor, 1997).
Although dominated by fluvial environments, the foreland axis in southeastern
West Virginia and adjacent Virginia and Kentucky was periodically influenced by marine
incursions during the Early Pennsylvanian (Henry and Gordon, 1979; Cecil and Englund,
1989; Staub and Esterle, 1992; Staub, 1994; Greb and Chesnut, 1996).

Greb and

Chesnut (1996) observed that tidal deposits commonly occur on the top of the quartz
arenite facies in the Lower and lower Middle Pennsylvanian of the central Appalachians.
This fluvial to marine (estuarine) transition resulted probably from the drowning of
paleovalleys during tectonic subsidence (Greb and Chesnut, 1996).
The New River quartzose sandstones occur in linear channel fills or in sheet
sandbodies (Figures 8.1 and 8.19). The widespread sheet sandbodies are interpreted
as ancient deposits of bedload multilateral streams exhibiting abundant channel
migration and reworking of sediments. The thick shale intervals within the New River
Formation probably represent estuarine to swamp environments. These shaly intervals
are frequently replaced by channel-fill sandbodies in places (Figures 8.1 and 8.19). As
shown in Figure 8.19, Channel A cut into previously-deposited shale (Sh-A) as deep as
175 feet, whereas Channel B scoured into Sh-B at least 135 feet. Deep internal channel
scouring within the New River Formation suggests significant periodic base-level drop
during the Early Pennsylvanian, which might be caused by eustatic sea-level change.
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CHAPTER 9:

EVOLUTION OF A DYNAMIC FORELAND BASIN
INTRODUCTION

The central Appalachian foreland basin evolved from latest Devonian to Permian
in its basin geometry, depocenter, paleoslope, basement fault behavior and lithology
under the influence of shifting orogenic activity and source areas, eustatic sea level
fluctuations, and climate change.

Regional patterns of basin-fill and erosion are

primarily governed by extra-basinal tectonism, whereas reactivation of the basement
structures is responsible for some of the most conspicuous sedimentologic anomalies
(Donaldson and Shumaker, 1981). The Carboniferous sequences reflect a complicated
interplay between tectonic, eustatic, and paleoclimatic controls. These sequences are
influenced by long-term tectonic evolution of the foreland basin accompanied by long
term (second- and third-order) eustasy.
This chapter integrates previous published findings with interpretations of this
study (Figure 9.1). The discussion consists basically of two parts: 1) reactivation history
of the intrabasinal basement structures and 2) Carboniferous sequences and basin
evolution.

The first part discusses reactivation of the intra-basinal structures and

basement sub-blocks, and then it interprets the reactivation history of these basement
structures by the changing regional tectonic regime. The second part briefly discusses
controls on the Carboniferous sequences, presents a generalized model for the
development of these sequences, and summarizes the Late Paleozoic evolution of the
central Appalachian foreland basin in terms of basin center, depocenter, source area,
and paleoflow direction.
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Comparison of stratlgraphlc framework of the Carboniferous strata of the central Appalachians with global sea-level curve (Ross and Ross, 1988) and interpreted climatic change (Cecil,
1990). Presented are also the dominant paleoflow directions for different intervals as well as intra-basinal tectonic activities through time. The suggested regional tectonism cart be compared with
others' interpretation summarized in Figure 2.5. Numerical time scale is based on Hariand and others (19B2). Stratrgraphic positions and correlations are referred to Gillespie and Pfefferkom (1979);
Henry and Gordon (1979); Ross and Ross (19B8), Dennison (1989), Donaldson and Eble (1991), Blake (1992), and Matchen and Kammer (1994). Flow directions are based on Pepper and others
(1956), Potter and Siever (1956), Pelletier (1958), Meckel (1967), Hoque (1968), Larese (1974), Donaldson (1974; 1979), Larese (1974), Kepferie (1977), Presley (1977), Sable (1979), Donaldson
and Shumaker (1981), Rice (1984), Donaldson and others (1985), Wrightstone (1985), Bjerstedt and Kammer (1988), Boswell (1988), Rice and Schwietering (1988), Beuthin (1989,1994), Zou (1993),
Martino (1994), Rice and others (1994), Pashin and Ettensohn (1995), Bartow (1996), and this study (on the Mauch Chunk and the New River).
Occurrence and stratlgraphlc position of the
sub-’ Mahoning" unconformity is based on the study of Wagner and Lyons (1997). Labels: SB1, sub-Berea unconformity; SB2, sub-Greenbrier unconformity, SB3, sub-Ravencliff unconformity; SB4,
sub-New River unconformity; SB5, sub-'Mahoning" unconformity; TST, transgressive systems tract, HST, highstand systems tract; MFS, maximum flooding surface.

INTRA-BASINAL TECTONIC ACTIVITY
Basement faults in the central Appalachian foreland intermittently were
reactivated during the Paleozoic (Donaldson and Shumaker, 1981; Shumaker and
Wilson, 1996).

The basement adjusted during the Carboniferous to the changing

regional tectonic regime by minor vertical displacement of the basement faults and
differential tilting and subsidence of fault-bounded basement sub-blocks . This intrabasinal tectonism, in turn, left its imprint in the shallow Paleozoic strata.
The structural framework (A) and subdivisions of the basement (B) are provided
in Figure 9.2.

Readers are referred to chapter 3 for general introduction of these

structures and sub-blocks.
FAULTS AND ANTICLINES
East-Margin Fault
Interpretation of seismic records (Shumaker and Wilson, 1996) revealed that the
East-Margin fault (EMF) of a Cambrian rift, the Rome trough, was reactivated by slight
inversion from the Late Ordovician at least to the Mississippian.

In the sedimentary

cover, influence from the East-Margin fault is expressed as a hinge, which affects
changes in lithofacies and thickness and is named the mid-foreland hinge by Shumaker
(1992). Stratigraphic evidence from this study indicates that this hinge continued to be
active during Pennsylvanian time. The East-Margin fault (EMF) in the study area is
separated by the Buming-Mann fault into two segments, the EMF_W and the EMF_E
(Figure 9.2). Inasmuch as the Burning Mann lineament also is persistently active during
the Paleozoic, the author suggests that it is also underlain by a basement fault.
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As discussed in chapter 5, the Cabin Creek trend of the Berea sandstone is
probably controlled by faults. The lower reach of Cabin Creek in Kanawha and Boone
counties traces the EMF_W (Figure 5.5). The Middle Weir sandstone stacked in an
area between the EMF_W and the Warfield anticline (Figure 5.6C), suggesting control of
these basement structures (Zou, 1993). The Upper Weir sandstone shows a similar
relationship (Figure 5.6D). The EMF_W was probably locked when the sub-Greenbrier
unconformity formed as it appears to have no influence on thickness of the Lower
Mississippian (Figure 9.3A).

In contrast, the EMF_E was active when the sub-

Greenbrier unconformity was developing (Figures 9.3A and 9.4A). During that period
the East Trough sub-block was the down-thrown block and thus it continued its original
normal motion.
During Greenbrier deposition, movement along the East-Margin fault was
reversed, with the Rome trough slightly moving up relative to the adjacent upland horst
area (Figure 9.3B). During Mauch Chunk deposition, the East-Margin fault was not an
important boundary, although the trough probably inversed slightly. The East-Margin
fault, especially the EMF_W, became very active by latest Mississippian and Early
Pennsylvanian time, and that movement significantly affected the preserved thickness of
the Mauch Chunk Group (Figure 8.13) and the erosion pattern of the sub-New River
unconformity (Figure 9.4B).

No apparent influence of the movement of East-Margin

fault was observed for the New River (Figure 9.5A) and Kanawha (Figure 9.5B)
intervals, although the regional trend indicates increasing subsidence of the horst block
toward the southeast.

No data are available for Charleston time due to poor

preservation of the Charleston Sandstone in the East-Margin area.
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West-Margin Faults
The West Margin of the Rome trough is basically a rotated limb and only minor
faults are present (Shumaker and Wilson, 1996). As shown in Figure 9.3A, two of the
West-Margin faults (WMF_A and WMF_B) were probably active during development of
the sub-Greenbrier unconformity, resulting in westward thickening of the preserved
Lower Mississippian. Structural inversion at the west margin of the Rome trough during
Early Mississippian is also observed by seismic studies (Shumaker and Wilson, 1996).
From the Late Mississippian Greenbrier to the Middle Pennsylvanian Kanawha, the
West-Margin faults probably adjusted with minor down-to-trough rotation, as is indicated
by northwestward thinning of rock units across this fault zone. By Charleston time, the
West-Margin faults were probably slightly inversed based on minor northwestward
thickening and increasing shaliness of the Charleston Sandstone in this zone (Figures
3.5, 3.6, 3.7, 8.2).
Interior Fault
The Interior fault of the Rome trough (Figure 9.2) influenced the drainage
patterns on the sub-Berea and the sub-New River unconformity surfaces. The Gay-Fink
channel of the Berea Sandstone roughly followed this fault in Gilmer County (Figure
5.5), and the Gauley Bridge river at the sub-New River unconformity followed the fault in
Gilmer and Calhoun counties (Figure 8.16). At pre-Greenbrier time, this fault probably
was slightly reactivated with down-thrown block to the west (Figure 9.3A). This fault
also affected the erosion pattern at the sub-New River unconformity (Figure 9.4B) and
the preserved thickness of the Mauch Chunk Group (Figure 8.13).
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38TH Parallel Lineament
Influence of the 38th Parallel lineament is evident on the Lower Mississippian
thickness map (Figure 9.3A) and the subcrop map at the sub-Greenbrier unconformity
(Figure 9.4A), suggesting its control on the southward expansion of the West Virginia
dome. Part of this lineament was still active during Greenbrier deposition (Figure 9.3B)
and defines the southern boundary of the Buming-Mann Arch sub-block (Figure 9.2B).
For most of other intervals, the 38th Parallel lineament seems to be inactive.
Beckley Fault
The basement east of the Rome trough (Upland Horst of Shumaker and Wilson,
1996) appears to be dissected by a series of normal faults. Two basement faults, the
Beckley and the Summersville (Figure 9.2A), were inferred in this study. The Beckley
fault was expressed as a very important hinge line during Carboniferous time.

It

influenced the preserved thickness of the Lower Mississippian (Figure 9.3A) and was
the most important boundary during Greenbrier (Figure 9.3B) and Mauch Chunk
deposition (Figures 7.7, 8.13, and 9.6A).
Summersville Fault
The inferred Summersville fault was active as indicated by the Greenbrier
depositional patterns (Figure 9.3B).

By Mauch Chunk time, it became increasingly

important in influencing the depositional thickness of some thin intervals (Figures 9.6A,
9.7A) and the preserved thickness of the Mauch Chunk Group (Figure 8.13). This fault
is also an important boundary for the preservation of the Pocahontas Formation (Figures
7.8 and 9.4B). Influence from this fault remains recognizable in New River time (Figure
9.5A).
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Burning-Mann Fault
A basement lineament, the Buming-Mann lineament, has been suggested to
have tied two nearly contiguous surface structures, the Burning Springs and Mann
Mountain anticlines, across the Rome trough interior (Gao, 1994; Root, 1996). This
study interprets this lineament as a basement fault based on its persistent influence on
the deposition and erosion during the Carboniferous and other geologic times.
The Burning Springs anticline is a detached structure possible controlled by the
Cambrian down-to-east Burning Springs fault (Shumaker, 1986) or the pinch out of the
Silurian Salina salt (Rodgers, 1963). On the total magnetic-intensity map, the Mann
Mountain anticline is coincident with a north-south-trending basement anomaly
(Shumaker, 1986), suggesting a possible basement normal fault below the anticline.
According to Perry (1990), the Mann Mountain is a shallow-rooted fold detached in the
lower part of the Devonian black shale. Root (1996) indicated that the Mann Mountain
and Burning Springs anticlines and the Cambridge arch define a basement fault zone
extending at least 350 km from the southern end of the Mann Mountain anticline to its
mapped limit near Lake Erie (Figure 3.23).
The Burning Springs anticline was active intermittently during the Paleozoic and
affected the deposition of the Silurian Salina Salt (Clifford, 1973; Smosna and Patchen,
1978; Calvert, 1983), the Devonian Helderberg Limestone (Mclnerney, 1982), the
Huntersville Chert and Onondaga Limestone (Dennison, 1961; Skoff, 1980), the Lower
Mississippian Sunbury Shale (Zou, 1993), the Mississippian Greenbrier Limestone
(Flowers, 1955, 1956; Perkey, 1981), and the Pennsylvanian coal and limestones (Arkle,
1974; Donaldson and Shumaker, 1981).
Transition

from

the

basinal

Sunbury

Shale

to

its
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shallow-marine

equivalent, the Riddlesburg Shale (Figure 5.6A) indicates that the Buming-Mann fault
was active during the Early Mississippian but reversed its Cambrian movement. This
structural inversion culminated by the latest Early Mississippian when the subGreenbrier unconformity and the associated West Virginia dome formed. The BumingMann fault limited the westward expansion of the West Virginia dome (Figures 5.2, 5.3,
9.3A and 9.4A).

The Burning-Mann probably resumed its down-to-east motion by

Greenbrier time (Figure 6.8). This cross-strike feature deflects the regional northeast
trend of the Greenbrier contours to northwest (Figure 9.3B). Such reactivation evidently
continued into Mauch Chunk time, as is indicated by the depositional thickness of
undifferentiated Lillydale/Webster interval (Figure 9.6A), distribution of the Webster
deltaic system (Figure 9.6B) and total thickness of the Mauch Chunk Group (Figure
8.13).
Erosion patterns at the sub-New River unconformity (Figure 9.4B) and the
associated Early Pennsylvanian fluvial systems (Figure 8.10) reflect control from the
Burning-Mann fault and the Gauley Mountain anticline.

During New River time, the

Burning-Mann appears inactive based on cross-section data (Figures 3.12, 8.1, 8.23,
8.24, and 8.25).

No significant thickness change occurred across the Burning-Mann

during Kanawha (Figure 9.5B) and Charleston deposition.
In summary, stratigraphic evidence from this study strongly suggests existence
of the Burning-Mann fault.

The Buming-Mann fault was reversed during the Early

Mississippian and resumed its down-to-east motion during the Late Mississippian, but
was not as active during New River to Charleston time.
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Gauley Mountain Anticline
The Gauley Mountain anticline is a near-surface structure recognized in this
study. This anticline is roughly parallel to and west of the Buming-Mann fault and the
Mann Mountain anticline (Figures 9.2A and 9.7B).

The southern end of the Gauley

Mountain anticline is approximately 8 miles west of the Mann Mountain anticline and the
shortest distance between the two anticlines is approximately 4 miles.
The Gauley Mountain anticline probably was growing during Greenbrier time as
indicated by thinning of the Greenbrier Limestone over this positive structure (Figures
3.11, 3.12, 6.8; 8.1, 9.3B).

Influence of this structure probably increased during Mauch

Chunk time (Figure 9.8). The anticline not only resulted in thinning of certain stratal
intervals (Figures 9.3B, 9.7B and 9.8) but also strongly influenced lithofacies distribution
and paleovalley positions (Figures 7.11 and 9.8). Most sandbodies of the Mauch Chunk
Group thin or are absent over this anticline (Figure 9.8). This structure appears to have
been a barrier to the approaching Webster Springs deltaic system in the earliest Mauch
Chunk time (Figure 9.6B), but it did not influence the Reynolds Limestone deposition
probably due to the widespread transgression and greater water depth during that
period.

Then, as sea-level dropped and westward progradation of clastic wedge

resumed, this anticline continued to influence lithofacies and depositional thickness
(Figure 9.8). The Gauley Mountain anticline was present and influenced the positions of
the Ravencliff paleovalleys (Figure 7.11).

Development of deeply incised (Gauley

Bridge river) paleovalley over the Gauley Mountain anticline during Early Pennsylvanian
(Figures 3.11, 3.12, 9.5A) may relate to fractures that permitted rapid erosion along that
positive structure.
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GM: Gauley Mountain
anticline
MM: Mann Mountain
anticline
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Figure 9.8 Delineation of the Gauley Mountain antidine (GM) in stratigraphic cross sections datumed on
the Pride Shale. The position of the Gauley Mountain antidine and its relation to the Buming-Mann fault
(BM) and the Mann Mountain antidine (MM) are also shcwva Notice influence of the antidine on lithofades
such as the occurrence cf the Droop and Stony Gap sandstones as well as distribution of the RavendifF
paleovalleys. The location of the Mann Mountain antidine is based on Shumaker and VWson (1996).
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BASEMENT SUB-BLOCKS
Based on the known and inferred basement structures and stratigraphic
anomalies in the study interval, the study area is divided into eight sub-blocks (Figure
9.2B). These fault-bounded sub-blocks responded to the changing regional tectonic
regime with differential tilting and subsidence during the Carboniferous.
Burning-Mann Arch Sub-block
The eastern boundary of the Buming-Mann Arch is defined by the inferred
Buming-Mann fault, whereas its western boundary is not so well defined but it is
suggested in Figures 9.3b, 9.4B, and 9.5A.

During the Early Mississippian (Figure

9.3A), this sub-block was probably locked with the West Trough sub-block.

During

Greenbrier time, the Burning-Mann Arch is represented by a thin limestone trend (Figure
9.3B). During Mauch Chunk deposition, this sub-block was characterized by the Gauley
Mountain anticline (Figures 9.7B and 9.8).

During latest Mississippian and Early

Pennsylvanian, this sub-block was elevated and experienced extensive erosion. Valleys
were etched into what became the sub-New River unconformity (Figures 8.9, 8.11, 8.16
and 9.5A). During Kanawha time the Burning-Mann Arch probably subsided relatively
fast as is indicated by the thickness patterns in Figure 9.5B.
West Margin Sub-block
During latest Early Mississippian, the surface of the West Margin sub-block was
inclined to the west, causing a structural low where the Lower Mississippian rocks are
preferably preserved (Figure 9.3A).

From Late Mississippian Greenbrier to Middle

Pennsylvanian Kanawha (Figures 9.3B, 8.13, 9.4B, 9.5, and 9.6A), this sub-block was
southeasterly tilted and experienced least subsidence. Consequently most of the rock
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units are thin or absent over this sub-block due to minimal subsidence and (the sub-New
River) unconformity-related erosion (Figure 9.4B).

During Charleston time, sediment

thickened slightly northwestward over the west margin.
Trough Sub-blocks
The Rome trough is divided by the Buming-Mann Arch into two parts: the West
Trough and East Trough sub-blocks. The East Trough was the depocenter for elasticstarved chemical deposits such as the Upper Silurian salt beds (Smosna and Patchen,
1978), the Middle Devonian Huntersville Chert (Dennison, 1961) and the Upper
Pennsylvanian Pittsburgh coal (Donaldson and Shumaker, 1981). During latest Early
Mississippian, the West Trough was inclined gently to the west, away from the BurningMann fault, whereas the East Trough to the northwest at greater dip angle (Figure 9.3A).
During Greenbrier deposition (Figure 9.3B), both sub-blocks tilted slightly to the
southeast.

Such southeast tilt continued into the Mauch Chunk, New River and

Kanawha time. The Mauch Chunk is partially or totally eroded by the sub-New River
unconformity in both sub-blocks, especially in areas northwest of the Warfield anticline
or the Interior fault (Figure 8.13). During the Early Pennsylvanian (Figures 8.16 and
9.5A), the Warfield-Burning Springs river flowed along the West Trough; whereas the
Gauley Bridge river flowed across the east trough following the Interior fault.

By

Kanawha time, the eastern part of the west trough rotated together with the Northwest
Hinge sub-block and the Warfield anticline became an important hinge (Figure 9.5B). In
the meantime, however, the East Trough was relatively stable.
Dome Sub-block
The Dome sub-block is where the West Virginia dome was best developed within
the study area (Figure 9.4A). The dome

apparently was a growing structure during
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Price time (Donaldson and Zou, 1991; Zou and Donaldson, 1994). It probably provided
sediment transported by small southwestward-drained rivers during Price Big Injun time
(Zou and Donaldson, 1994). During development of the sub-Greenbrier unconformity,
the Dome sub-block and that part of the Southeast Hinge sub-block north of the 38th
Parallel lineament were probably locked together and experienced rapid uplift (Figures
9.3A and 9.4A).

During Greenbrier time, the dome remained a positive feature

(Leonard, 1968; Carpenter, 1976; Yielding and Dennison, 1986; Camey and Smosna,
1989).

By the Mauch Chunk time, the West Virginia dome lost its influence on

deposition and the Dome sub-block tilted to the southeast (Figures 8.13, 9.6A, and
9.7A). The southeastward tilt of the surface continued into the New River and Kanawha
time (Figure 9.5).
Northwest Hinge Sub-block
During Early Mississippian, the Northwest Hinge sub-block probably was locked
with the West Trough and Southeast Hinge sub-blocks (Figures 9.2 and 9.3A). During
Greenbrier deposition, the inferred Summersville fault apparently was active and the
EMF_W was slightly inversed (Figures 6.5 and 9.3B); the Northwest Hinge sub-block
tilted to the southeast at a dip angle greater than that of the West Trough sub-block
(Figure 9.3B). This relationship between the sub-blocks likely continued into Mauch
Chunk time (Figures 8.13 and 9.7A). During the Early Pennsylvanian, this sub-block
was a topographic high (Figure 9.5A), serving as the drainage divide between the
Warfield-Burning Springs and the Gauley Bridge river systems (Figures 8.11 and 8.16).
By Kanawha time, this sub-block maintained its southeast tilt (Figure 9.5B).
Southeast Hinge Sub-block
During Early Mississippian, this

sub-block was divided into southern and
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northern segments by the 38th Parallel lineament. The southern part connected with
the Northwest Hinge sub-block; the northern part with the Dome sub-block (Figures 9.2
and 9.3A). By Greenbrier time, the 38th Parallel lineament no longer separated this
sub-block, whereas the Summersville and the Beckley faults became active and the
Southeast Hinge sub-block tilted to the southeast (Figure 9.3B).

This condition

apparently proceeded into the Mauch Chunk time (Figures 8.13, and 9.7).
Basin Sub-block
As part of the proximal foreland, the Basin sub-block experienced the highest
subsidence rate in the study area during most of the Carboniferous. Minor down-to-thesoutheast displacement of the Beckley fault and the rotation of the sub-block preserved
the thickest section of Lower Mississippian rock in the study area (Figure 9.3A). In this
sub-block, the Upper Mississippian rocks were not affected by erosion on the sub-New
River unconformity (Figure 9.4B). Although stratigraphic intervals from the Greenbrier to
Mauch Chunk all thicken toward the southeast (Figures 7.7, 8.13, 9.3B, 9.6A, and 9.7),
the Greenbrier Limestone shows the biggest increase in the rate of subsidence. The
Pocahontas Formation (Figure 7.8) is partially eroded by the sub-New River
unconformity in this sub-block. Post-Paleozoic erosion has eliminated completely the
Charleston Sandstone and the Kanawha Formation and partially the New River
Formation in this sub-block, suggesting a structural inversion probably caused by
thrusting.
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BASEMENT REACTIVATION AND REGIONAL TECTONIC EVOLUTION
The Lower Mississippian to Middle Pennsylvanian basement reactivation is
divided into three periods (Figure 9.1) based on the nature of movement along the
basement faults and differential tilting and subsidence of the sub-blocks. Speculated
changes in tectonic setting during the Carboniferous are shown in Figure 9.1.
Period A: Early Mississippian
During this time, the basement tilted slightly to the southwest as indicated by the
small increase in depositional thickness observed in this study.

Of the reactivated

faults, the NNW-trending Buming-Mann fault was the most important boundary. The
Buming-Mann and some west-margin faults moved opposite to the normal sense of
movement that occurred during the Cambrian time, whereas the East-Margin fault was
down-to-the Rome trough.
The Early Mississippian in the Appalachians represents the aftermath of the
Acadian orogeny and is an interval of tectonic quiescence (Tankard, 1986a; Beaumont
and others, 1988; Donaldson and Zou, 1992).

During this time sub-blocks in the

foreland basin experienced minimal differential subsidence and the basin as a whole
slowly subsided (Boswell, 1988; Chesnut, 1988; Matchen, 1992) as indicated by the
Price-Pocono clastic wedge which displays a tabular nature in thickness. Post-orogenic
rebound of the Acadian tectonic highlands and adjacent proximal foreland during Early
Mississippian (Figure 9.1) is supported by downwarping of the Findlay and Cincinnati
arches (Beaumont and others, 1988, Goodmann and Rast, 1995), upwarping of the
West Virginia dome, a slightly southwesterly tilted basement, minimal subsidence rate, a
tabular clastic wedge, and a northeast source.
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Period B: Late Mississippian Greenbrier to Middle Pennsylvanian Kanawha
A southeasterly tilted basement characterizes this period.

The sub-blocks,

except the Buming-Mann arch, tilted toward the southeast at different dip angles. More
northeasterly-oriented

basement faults were reactivated and became important

boundaries. These faults moved down to the southeast, resulting in a southeastward
thickening of regional stratigraphic trends.

The East-Margin, west-margin and the

Buming-Mann faults display opposite sense of movement compared with that of the
Early Mississippian. During this time, truncation associated with the sub-Ravencliff and
sub-New River unconformities increased northwestward. Folding occurred particularly
during Mauch Chunk and during development of the sub-New River unconformity. The
Gauley Mountain anticline probably was caused by transpressional forces associated
with right-lateral strike slip along the continental margin (Ferrill and Thomas, 1988) when
the locus of collision and uplift migrated southwestward from Early to Late Mississippian
time (Figure 9.9) (Beaumont and others, 1988; Slingerland and Beaumont, 1989). The
anticlines associated with the sub-New River unconformity (Figures 8.19, 8.20, and
8.22), seemingly of different orientation from that of the Gauley Mountain, were probably
formed later when the locus of orogeny shifted northward compared with the Late
Mississippian (Figure 9.9) (Beaumont and others, 1988; Slingerland and Beaumont,
1989).
The sub-Greenbrier unconformity separates two different regional stress
regimes: 1) an earlier post-orogenic erosional rebound of the tectonic highlands and
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Rgure 9.9 Diagram showing net sediment thickness in feet for different time intervals and the modeled
location and thickness in kilometers of orogenic loads assuming a load density of 2400 kgfrn? Lithofacies
distribution and direction of sediment transport are indicated by patterns and arrows, respectively. Light
grey tone represents coastal plain sediments, open circles and dense stipple represent delta top and delta
front sediments, horizontal dash pattern represents fine-grained clastic sediments, brick pattern represents
carbonates and other chemical sediments, and tildas represent marine conditions. The dark areas in the
model for the Lower Pennsylvanian represent the Pocahontas and the Black Warrior coal basins,
respectively. From Beaumont and others (1988).
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proximal foreland to the northeast during the Early Mississippian and 2) a later tectonic
loading and viscoelastic relaxation that continued from the Late Mississippian to Middle
Pennsylvanian Kanawha time (Figure 9.1).
The southeastward thickening carbonate wedge of the Greenbrier Limestone
and equivalents signifies the initiation of the Alleghanian orogeny. This interpretation
agrees with the observation of Slingerland and Beaumont (1989) that the earliest
evidence of the Alleghanian orogeny occurred in Meramecian time.
At least two regional unconformities developed during period B: the subRavencliff and sub-New River unconformities. They are regional angular unconformities
and show a structural dip direction to the southeast.

However, the sub-Ravencliff

unconformity appears to have a greater angle to the south than the sub-New River
unconformity.

Both unconformities are considered to be formed by upwarping of a

peripheral bulge under loading relaxation enhanced probably by coeval eustatic sealevel lowering (Figure 9.1). The difference in structural dip direction may indicate that
the sub-Ravencliff and the sub-New River unconformities responded to tectonic loads at
different locations along the North American continental margin.
The thick New River paleovalley fill in southern West Virginia and rapid
southeastward thickening of the lower Kanawha require an increase in subsidence rate
toward the proximal foreland. This implies another important episode of tectonic loading
after the extensive subaerial exposure associated with the sub-New River unconformity.
Stratigraphic evidence from this study suggests northwestward migration of the
primary hinge, the most important structural boundary affecting deposition, during period
B. For example, during Greenbrier time, the Beckley fault in southeastern part of the
study area was the most important hinge in the study area (Figure 9.3B), but by Mauch
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Chunk time effect of this hinge had lessened (Figures 8.13 and 9.7B). During the Early
Pennsylvanian, the East-Margin fault of the Rome trough became the most active
boundary and influenced erosion of the sub-New River unconformity (Figure 9.4B). By
Kanawha time, the primary hinge moved farther northwest to the Warfield anticline
region (Figure 9.5B).
Migration of the primary hinge in the study area appears to be in a “jumping”
style and, furthermore, the locus of the primary hinge is controlled by basement faults.
This “jumping” of the primary hinge probably reflects inhomogeneities of the basement.
Influence of basement inhomogeneities on bulge behavior has been addressed by some
workers (Shumaker, 1986, 1992; Tankard, 1986a; Shumaker and Wilson, 1996), who
critiqued the assumption of a homogeneous crust in the Quinlan-Beaumont flexural
model for foreland basins.
Period C: Middle Pennsylvanian Charleston
During period C, the central Appalachian foreland basin seemingly repeated the
tectonic condition of period A, erosional rebound of the tectonic highlands. But this time,
the rebounded orogen was in southern Appalachians instead of northern Appalachians.
The suggested tectonic regime is based on (1) basement fault and sub-block behavior,
(2) tabular geometry of the Charleston Sandstone, (3) northwestward shift of depocenter
of coarse siliciclastics, and (4) northwestward shift of marine environments.
Inferred structural inversion of some west-margin faults (down-to-the-northwest)
and slight northwest tilt of the west margin sub-block suggest a regional tectonic regime
different from period B but similar to period A. Influx of coarse siliciclastics into the distal
foreland basin during Charleston time suggests decrease in subsidence rate and
sediment storage capacity of the proximal

foreland.

Tabular geometry of the
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Charleston sandstone reflects minimal subsidence of the foreland basin. Northwestward
shift of marine environments from Kanawha to Charleston time (Donaldson and
Shumaker, 1981; Donaldson and others, 1985; Rice and others, 1994) probably
indicates reorganization of the foreland basin. In short, all these changes imply postorogenic rebound of thrust belt and adjacent foreland as described by Heller and others
(1988). Period C announced the end of a long period of episodic active tectonic loading
and the succeeding stress relaxation.
MECHANISM OF REACTIVATION
Figure 9.10 is a hypothesis using stratigraphic evidence to interpret basement
reactivation along the proposed Burning-Mann fault. Evidence from this study reveals
the coincidence of stratigraphic anomalies with basement structures, which provides an
opportunity to recognize syndepositional movement of fault-bounded sub-blocks.
Relative movement of a basement fault is judged based on their near-surface motion.
This stratigraphic study interprets the relative movement of the sub-blocks during the
Carboniferous but only can speculate about the exact nature of the basement faults
during their reactivation history. Likewise, this study can suggest that basement faults
propagated upward and displaced the Carboniferous strata during sedimentation or
erosion, but it is also possible that basement reactivation caused bends and flexures
rather than ruptures in these shallow deposits (Wilson, 1997, personal communication).
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w
C: GREENBRIER TIME

The Greenbner Limestone thins
eastward across the Bumtng-Mann;
Gauley Mountain antidine probably
began to form.
cf: Figures 3.11. 3.12. 6.8. and 9.3B

B: SUB-GREENBRIER
UNCONFORMITY
S8Z

The Lower Mississippian east of the
Bumtng-Mann experienced more
intensive erosion associated with
the sub-Greenbner unconformity,
cf: Figures 5 2 . 5 . 3 . 9.3A. and 9.4A

LOWER'

A: SUNBURY TIME
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jj
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WS: VUabster Spnngs (Blue
Monday) Sandstone

normal fault

Basmal high-radioactive black shale
(the Sunbury) west of the Bumtng-Mann;
Low-radioactive shale (the Riddlesburg)
east of the Burning Mann,
cf: Figures 5.2. 5.3; and 5 .6 A

SB2: sub-Greenbner unconformity
S83: sub-Ravendiff unconformity
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III
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____-—•
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Reynolds Limestone
(Uttle Lime)
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Droop Sandstone
(Lower Maxton)

RC:

Ravendiff sandstone

SB4: sub-New River unconformity

reverse fault

unconformity

SL

sea level

GM:

Gauley Mountain antidine

GBR: Gauley Bndge River

Figure 9.10 Schematic diagram speculating reactivation history of the Buming-Mann fault and
development of the inferred Gauley Mountain anticline during this Carboniferous. The reader is
referred to the listed figures for evidence. More discussion is in the text
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w
G: KANAW HA
AND
CHARLESTON TIME

KANAWHA

Kanaw ha slightly thickens westward
across BM;
no significant influence on Charleston,
c f Figures 3 1 1 . 3.12. 8.1. and 9.5B.

F: NEW RIVER TIM E

BM w as relatively inactive,
cf: Figures 3.12 and 8.1

E: SUB-NEW RIVER
UNCONFORMITY
M ore Mauch Chunk interval is preserved
from subaenal erosion east of BM.
D e eper channel inosion (GBR) on top of
GM.
c f Figures 3.11. 3.12. 8.1. 8.10. 8.13.
8 23. 8.24. 8.25. a n d 9 4B.

D: PRIDE SHALE TIM E
(MAUCH CHUNK)

PRIOE S M A l£

G M grew and influenced faces and
thickness and also controlled
R avendiff paleovalleys.
M ore sandbodies occur east of BM.
cf. Figures 8 .1 .9 .6 . and 9.8

Figure 9.10 continued
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CARBONIFEROUS SEQUENCES AND BASIN EVOLUTION
DRIVING MECHANISMS FOR CARBONIFEROUS SEQUENCES
Carboniferous cyclic deposition in the Appalachian and mid-continent areas has
been attributed to allogenic processes (regional tectonism and/or eustasy) and
autogenic processes (Donaldson and Eble, 1991). Since early this century, the relative
importance of eustasy (Wanless and Shepard, 1936; Busch and Rollins, 1984; Heckel,
1994), regional tectonics (Weller, 1930; Quinlan and Beaumont, 1984; Tankard, 1986b;
Klein and Willard, 1989; Greb and Chesnut, 1996), paleoclimate (Cecil, 1990), and
autogenic processes (Ferm, 1970) has been a source of debate.
The four Carboniferous sequences recognized in this study range in thickness
from several hundred to several thousand feet and most of them probably span a time
period of over 15 m.y. (Figures 9.1 and 9.11). Their duration and thickness are greater
than those of the typical Pennsylvanian cyclothems, which are usually less than 100 feet
in thickness with duration smaller than 1 m.y. (Donaldson and Eble, 1991). Dickinson
and others (1994) estimated the ranges in accommodation space and recurrence
interval of stratigraphic cycles inferred from the established concepts for various cycledriven mechanisms (Figure 9.11).

Based on the time scale of Harland and others

(1982), the four Carboniferous sequences spanned approximately 64 million years,
averaging 16 m.y. / per sequence. Of the estimated durations (Figure 9.11), the time
constraint of the boundary between the Greenbrier-Hinton and the RavencliffPocahontas sequences is more arbitrary (Figure 9.1) due to the lack of biostratigraphic
control. Regardless, long recurrence intervals of the Carboniferous sequences exceed
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Figure 9.11 Diagram showing estimated ranges in accommodation space and recurrence
interval attributable to alternate controls of stratigraphic cydidty (modified from Dickinson
and others, 1994) and positions of the four Carboniferous sequences of the central
Appalachians based on observed thickness in this study and time constraint using ages
of Hariand and others (1982) shown in Figure 9.1.
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the range of glacioeustasy and associated climatic changes, intraplate stress, autogenic
processes, and local structural movement (Figure 9.11). The most reasonable driving
mechanisms are tectonoeustasy (global) and/or tectonic evolution of a basin (regional).
Angular contacts at the sub-Greenbrier, sub-Ravencliff, and sub-New River
unconformities and the thickness changes of their overlying sequences suggest that
regional tectonics caused differential subsidence along with tilt and uplift of basement
sub-blocks in the study area during the Carboniferous.

On the other hand,

glacioeustasy probably was mostly responsible for the sub-Berea unconformity as no
obvious angular relationship has been reported.
Glacioeustasy should have played an important role in the development of the
higher-frequency cyclic deposits, such as the Pennsylvanian cyclothems contained
within the Carboniferous sequences particularly when the Appalachian foreland basin
experienced slow subsidence (Klein and Cloetingh, 1989) (Table 9.1).

During the

Alleghanian orogeny, the Appalachian foreland basin subsided in response to tectonic
loading with less vertical magnitude but greater lateral extent than during previous
orogenies because its thrust sheets loaded onto a thick, thermally mature, and rigid
continental crust (Tankard, 1986a and 1986b). As a result, marine embayments in the
foreland basin were broad and shallow with water depth seldom exceeding 20 meters
compared with 200 meters during the Acadian (Tankard, 1986a). Consequently, the
foreland basin was sensitive to variation in global sea level.

Within individual

Carboniferous sequences, higher-frequency cycles are more detectable in the highstand
systems tracts, which probably represent an overfilled basin (Tankard, 1986a)
characterized by an overall progradation of clastic wedges.

Some of the examples

include the four marine-shale-bounded allostratigraphic units in the Price-Maccrady
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interval (Matchen, 1992; Matchen and Kammer, 1994) of the Berea-Maccrady sequence
and the 4th-order cycles bounded by transgressive marine shales (Chesnut, 1994) in
the Kanawha Formation of the New River-Charleston sequence.

In the Greenbrier-

Hinton sequence, glacioeustasy likely was responsible for cyclic deposits of
fluvial/deltaic and marine environments such as Webster Springs Sandstone-Reynolds
Limestone and Droop Sandstone-Raines Comer Limestone.
Paleoclimate is an important control on sediment supply and formation of some
types of rocks (Cecil, 1990). Deposition of the widespread Greenbrier Limestone and
equivalents was probably accompanied by arid climate (Cecil, 1990) (Figure 9.1).
Redbeds in the Lower Mississippian Maccrady Formation, the Upper Mississippian
Mauch Chunk Group, and the Upper Pennsylvanian Conemaugh Group are attributed to
arid to semi-arid climate.

According to Cecil (1990), influx of coarse siliciclastic

sediments into the foreland probably occurred when the area experienced seasonal
rainfall.

Although important, climatic change was not the primary cause for the

development of the Carboniferous sequences, including their unconformities and
thickness variations.

T ab le 9.1

Tectonic subsidence rates o f the central A ppalachian fo relan d basin during the

Pennsylvanian (from Klein and Cloetingh, 1 9 8 9 ).
STAGE

Morrowan

A to kan

D esm oinesian

M isso u rian

Virgilian

A P P A L A C H IA N G R O U P
A N D F O R M A T IO N S

N e w River and

K anawha

A llegheny

C onem augh

M ono ng ahela

A V E R A G E T E C T O N IC
S U B S ID E N C E R A T E
(m /m .y .)

4.6 0

0 .9 8

0 .6 3

1 .2 3

2 .3 3

Pocahontas
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MODEL AND COMPARISON OF CARBONIFEROUS SEQUENCES
A model showing development of the Carboniferous sequences in the central
Appalachian (Figure 9.12) consists of four stages, which demonstrates the suggested
relationship between change in relative sea level and formation of systems tracts.
Individual features or components shown in this generalized model do not necessarily
occur in each sequence. Of the four sequences, the transgressive systems tract of the
Greenbrier-Hinton sequence consists primarily of carbonate rocks, which is not
represented in this model.
Stage A: Formation of Lower Sequence Boundary
Relative fall in sea level or base level, driven either by tectonic uplift or eustasy
or both, results in negative accommodation space. The previous shelf is exposed and
undergoes erosion by river channels.

Deeply incised valleys usually develop in the

preexisting marine and/or deltaic sediments or bedrock. Consequently, a widespread
regional unconformity forms the lower sequence boundary.
During the lowstand, the study area primarily experienced subaerial erosion and
sediment bypass. Accumulation of sediments in the incised valleys, although possible,
is not significant.
Ancient rivers within the Gay-Fink and Cabin Creek trends at the sub-Berea
unconformity incised into the sediments of the Upper Devonian Gantz delta system and
the exposed shelf (Larese, 1974). The study area was marked, when the sub-Berea
unconformity formed, by subaerial exposure and channel incision during a relatively
short period of sea level fall, whereas deposition of turbidites and basin shales of the
lowstand systems tract occurred in eastern Kentucky.
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Figure 9.12 Schematic diagram showing a general model for the development and characteristics of the
Carboniferous sequences in response to relative sea-level (or base-level) change in the central Appalachians.
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Compared with the sub-Berea unconformity, the sub-Greenbrier unconformity
involved prolonged, widespread subaerial exposure and erosion. Although this study
did not try to determine the occurrence of incised paleovalleys on the sub-Greenbrier
unconformity in the study area, sand-filled incised paleovalleys have been reported in
eastern Kentucky (Khetani and Read, 1997) and in the Illinois basin (Treworgy and
Nelson, 1997).
Paleovalleys carved into an exposed shelf in the study area during development
of the sub-Ravencliff unconformity. In northern West Virginia, the paleovalley systems
eroded deposits as old as the upper Greenbrier Limestone.

In southernmost West

Virginia and southwestern Virginia, deposition probably was continuous and is
represented by lowstand shoreline environments (Schalla, 1984; Wrightstone, 1985).
In the study area, the sub-New River unconformity involved the most prolonged
and intensive subaerial exposure, truncation and channel incision within the study
interval. The associated erosion removed the Pocahontas Formation (if it ever existed)
and Mauch Chunk Group in the northwestern part of the study area. Paleovalleys cut
through the Greenbrier Limestone and into the upper part of the Lower Mississippian
interval.

During lowest sea level, the entire Appalachian basin was emergent and

sediments were transported along a longitudinal drainage system extending to the
Ouachita trough (Chesnut, 1988, 1994).
The sub-“Mahoning" unconformity probably indicates uplift of both the proximal
foreland and the orogen in the southern Appalachians at the Middle-Upper
Pennsylvanian transition. A coeval glacioeustatic lowering of sea level (Veevers and
Powell, 1987) may have also contributed to this unconformity.
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Stage B: Early Transgressive Systems Tract
Moderate accommodation space is created by a slowly rising relative sea level,
which results initially in incised paleovalley fills.

Deposition is constrained within the

incised paleovalleys and is fluvial in origin, becoming estuarine at bay mouths. Incisedpaleovalley fill has a high sandstone/shale ratio and mainly is composed of
amalgamated channel-sandbodies. Overall, the amalgamated sandbodies display an
aggradational stacking pattern, suggesting a balanced condition between rates of
sedimentation and accommodation space (Van Wagoner and others, 1990).

The

observed alluvial architecture, characterized by high sandstone/shale ratio and sheet
like sandbodies, reflects low accommodation and sedimentation rates. The low rate of
accommodation space can be attributed to slow subsidence or slow sea-level rise
(Heller and Paola, 1996).
A downstream change in stacking pattern of the fluvial sandbodies is observed in
both the New River and the Ravendiff valley fills, showing decreased density of
amalgamation and interconnection of channel sandstones downstream.

This trend

probably suggests an increase in subsidence rate toward the proximal part of the
foreland basin.

In the valley fill of the New River Formation, the overall long-term

transgression is interrupted episodically by a drop in relative sea level or base level as is
indicated by deepened channel scours of the transgressive deposits.
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Stage C: Late Transgressive Systems Tract
Accommodation space increases rapidly with faster rising relative sea level or
base level. Deposits fill, then overtop, the paleovalley when the valley walls no longer
confine deposition.

Deposition occurs on a relatively widespread coastal plain with

lower sandstone/shale ratio. Peat accumulates in swamps under a suitable climate. As
rising sea level continues, marine influence increases and incised paleovalleys become
estuaries with tidal-influenced deposits (TC in Figure 9.12). The fining-upward trend and
retrogradational stacking pattern are the results of rapid marine transgression which
occurs when the rate of sedimentation is less than the rate of accommodation.
In the subsurface, stage C of the Ravencliff-Pocahontas sequence consists of
the upper part of the Ravendiff Formation.

At the outcrop, the upper Ravendiff

Formation is characterized by rooted shale, silty shale, coal seam, and small tidal
channel, and thin transgressive marine sandstones (Englund, 1989; Miller and Eriksson,
1997), which indicates an increasing marine influence.
Stage C in the New River-Charleston sequence is thicker than those in the other
sequences.

It consists basically of the lower Kanawha division, an interval from the

base of the Kanawha Formation to the base of the Betsie Shale. In contrast to stage B,
stage C is marked by a sandy shale interval with sandstone/shale ratio usually less than
1. At the outcrop, this interval consists of various nearshore, coastal plain, and lower to
middle estuarine deposits (Blake, 1997). Prior to the maximum marine flooding, marked
by the highly radioactive Betsie Shale, the basin was flooded by several brackish or
marine shales with their associated ravinement surfaces and basal transgressive lag
deposits (Blake and Martino, 1996; Martino, 1996; Blake, 1997).
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Stage 0: Highstand Systems Tract
Thin sheet-like transgressive marine sandstones (TS in Figure 9.12) precede the
arrival of maximum marine flooding deposits of highly radioactive marine shales at the
base of the highstand systems tract.

An overall coarsening-upward succession

develops during this stage as relative sea level either slows down rising, stands still, or
drops slowly.

Terrestrial environments increasingly dominate as the clastic wedge

progrades seaward due to increasing sedimentation and sediment supply rates.
Creation of accommodation space is probably greater than during stage B, although it is
less than the sedimentation rate because interconnection of sandbodies is generally
less dense.
Superimposed on the overall regressive succession of highstand systems tract
are higher-frequency transgressive-regressive (TR) cycles marked by marine flooding
units. These short-term TR cycles probably represent sea level fluctuations caused by
glacioeustasy (Busch and Rollins, 1984; Blake, 1997). With continued drop in sea level,
subaerial exposure increases and deposition changes to widespread erosion, producing
the upper boundary of the sequence.
Comparison between the four sequences indicates that marine influence in stage
D generally decreased from the Lower Mississippian to the Middle Pennsylvanian,
whereas occurrence of coal seams increased. Beach and Barrier-bar sandstones (BBS
in Figure 9.12) were observed only in the Berea-Maccrady and Greenbrier-Hinton
sequences in the study area.
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FORELAND BASIN EVOLUTION
Some of the stratigraphic observations from this study and previous publications
are integrated in Figures 9.13 to 9.16, including occurrence of unconformities, position
and migration of black-shale basins, locations of depositional centers and general
source areas, and variations of paleoflow direction. These integrated data indicate a
dynamic foreland basin that evolved in response to: 1) changing tectonic activities and
2) fluctuating eustatic sea level during the Late Paleozoic.
Migration of Black-Shale Basin
A black-shale basin represents the deep-water part (basin center) of the
foreland. Black-shale basins migrated episodically southwestward in time parallel to the
orogen during Late Devonian (Figure 9.13), probably caused by southwestward shift of
the collision center related to oblique convergence at the continental margin (Ettensohn,
1987).

By the earliest Mississippian, however, the black-shale basin shifted back

eastward (Figure 9.13). This rapid and extensive marine flooding probably represents a
eustatic event (Bjerstedt and Kammer, 1988; Slingerland and Beaumont, 1989). During
Greenbrier time, the basin center probably was located in southeastern West Virginia
and adjacent Virginia based on previous studies (Leonard, 1968; Carpenter, 1976;
Wray, 1980; Yeilding, 1984; Carney, 1987; Kelleher, 1990; Kelleherand Smosna, 1993).
The basin center shifted northwestward from the Greenbrier through Mauch Chunk (the
Pride Shale) to Kanawha (the Betsie Shale) time (Figures 9.13 and 9.14).
A northwestward shift of the basin center during the Carboniferous was
consistent with migration of the primary hinge in the same direction from Greenbrier to
Kanawha time. This study speculates that the northwestward migration of the basin
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center and the primary hinge was driven by the increasingly approaching emplacements
of overthrust sheets during the Alleghanian orogeny.
The black-shale basins shrank from the Late Devonian and Early Mississippian
(Acadian orogeny) through Late Mississippian to Pennsylvanian time (Alleghanian
orogeny) (Figures 9.13 and 9.14).

Such change indicates that marine embayments

during the Alleghanian orogeny were much shallower and less extensive than during the
Acadian orogeny (Tankard, 1986a and 1986b).
Migration of Depocenter
Figure 9.15 shows the change in depocenters and source areas from Upper
Devonian to Permian in the Appalachian basin. The Acadian tectonic highlands shed
sediments westward into the foreland basin, resulting in the Acadian (Upper Devonian)
clastic wedge near the boundary between the northern and central Appalachians
(Donaldson and Shumaker, 1981). The Lower Mississippian was a period of tectonic
quiescence and post-orogenic rebound (Figure 9.1), which created minimal subsidence
and tabular deposits. Both cratonic and orogenic source areas contributed sediments,
but the orogenic source from the east was dominant.

By the Late Mississippian

Greenbrier time, wedge-shaped deposits recurred but the depocenter shifted to
southeastern West Virginia and adjacent Virginia.

The Greenbrier Limestone wedge

represents another pulse of active tectonic loading related to the advent of the
Alleghanian orogeny.

The Upper Mississippian Mauch Chunk to the Middle

Pennsylvanian clastic wedges similarly show, as does the Greenbrier, southeasterly
thickening trends with their depocenters also located near the boundary between the
Central and the Southern Appalachians. The Charleston Sandstone shows a possible
northwestward shift of its depocenter

during the late Middle Pennsylvanian.
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The Late Pennsylvanian and Permian depocenter apparently migrated to an area in part
over basement lows associated with the Rome trough and in part related to growing
surface structures that developed during the Alleghanian orogeny (Donaldson and
Shumaker, 1981).
Variations in Paleoflow Direction and Source Area
In addition to information shown in Figure 9.15, more data are integrated in
Figure 9.16 to show changes in paleoflow direction and related source areas.

The

paleoflow directions of 2b (Bluefield and Hinton formations of Mauch Chunk Group), 3a
(Ravencliff-Goodhope paleovalley system), and the Warfield-Burning Springs and
Gauley Bridge river systems (Early Pennsylvanian) are interpretations from this study.
Meckel (1967) recognized two distinct source areas for the Pottsville Group
(Early and Middle Pennsylvanian) in the central Appalachian foreland basin: (1) an
orogenic source area of rapid uplift and erosion along the southeastern margin of the
basin and (2) a stable, cratonic source area to the north in southern Canada and
northern New York. Detritus derived from the cratonic source area is compositionally
and texturally more mature than from the orogenic area.

However, the cratonic

dispersal system contributed a much smaller volume of clastic material to the
depositional basin than the orogenic dispersal system.
The scenario described by Meckel (1967) applies to most of the Late Paleozoic
in the central Appalachian foreland basin (Figure 9.15). The orogenic dispersal system
dominated during the Late Devonian, with paleoflow direction primarily toward the west
and NWW. The cratonic dispersal system, if active, influenced the area farther north
and did not reach the central Appalachians (Figure 9.15). From the latest Devonian
(Berea

time)

through

the

entire

Carboniferous, both dispersal systems
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contributed sediments to the basin. The locus of primary orogenic source area migrated
southwestward along the orogenic belt with time from the Late Devonian through
Mississippian to Pennsylvanian and Permian (Figure 9.15).
Paleoflow directions of the orogenic dispersal system were generally normal to
the axis of the foreland trough, shifting from northwest to nearly north from the latest
Devonian to the Permian (Figure 9.16) probably caused by the general southwestward
migration of the collision center along the orogenic belt. In contrast, paleoflow directions
of the cratonic dispersal system were usually parallel to the axis of the distal foreland
toward the southwest and the south, following the regional slope of the linear trough.
Siliciclastics carried by this dispersal system commonly traveled much longer distances
than dispersal systems from the orogenic source area, which at least partially
contributed to their higher compositional and textural maturity.
Relative importance of the orogenic and the cratonic dispersal systems varied
with time in a predictable pattern (Figure 9.16).

In each sequence, the cratonic

dispersal system was most active in the lowstand and transgressive systems tracts.
During sea-level lowstand (stage A, Figure 12), longitudinal river system(s) developed
along the axis of the foreland trough. Rivers from the orogenic source area probably
also supplied clastic material to the trunk stream during this period of erosion and
sediment bypass.

As relative sea level gradually rose, the topographic lows

characterized by the longitudinal river systems were filled progressively by massive
quartzose fluvial sands (stage B, Figure 9.12) and later by sediments of estuarine and
lower-deltaic environments (stage C, Figure 9.12).

The fluvial systems retreated

progressively northward with continued rise of sea level or base level and their
paleovalleys were filled with sediments. Following maximum flooding of the land, sea323
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level rise slowed down, stood still and then fell (stage D, Figure 9.12). As the proximal
foreland trough was filled with sediment, the orogenic-derived dispersal system
extended to the distal foreland area with dominant northwestward flow direction. In the
latest highstand when slight sea-level fall occurred, the Ontario River cratonic dispersal
system captured the northeastern parts of the orogenic drainage system and the
merged-drainage system rapidly extended southwestward across the distal part of the
central Appalachian foreland as it did during Maccrady time (2c, Figure 9.16).
In summary, the Late Paleozoic stratigraphic evidence for the central
Appalachian foreland basin suggests migration of black-shale basins, depocenters and
orogenic source areas as well as change in paleoflow direction associated with the
orogenic dispersal system.

These observations support a southwestward shifting

collision center during the Late Devonian and Mississippian documented by many
previous studies (Quinlan and Beaumont, 1984; Ettensohn, 1987; Beaumont and others,
1988; Slingerland and Beaumont, 1989).

General northwestward migration of basin

center, depocenter and primary hinge during the Alleghanian orogeny probably was
driven by approaching emplacements of overthrust sheets.
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CHAPTER 10:

CONCLUSIONS

REGIONAL CORRELATION AND LITHOSTRATIGRAPHY
1. Well-log cross sections constructed for this study reveal a wedge-shaped Lower
Mississippian-Middle Pennsylvanian interval in the study area.

A lithostratigraphic

framework is established for the study interval based on recognition of marker beds
(such as the Greenbrier, Reynolds and Avis limestones, and the Sunbury, Pride and
Betsie shales) and unconformities.
2. Cross-section observation reveals the tabular nature of the Lower Mississippian
interval. Correlation of individual sandstones indicates that the Lower Mississippian is
uniform in thickness throughout the study area, slightly thickening southwestward and
southward, which probably reflects influence from the growing West Virginia dome.
Change in its present-day thickness primarily resulted from the subaerial erosion
related to the sub-Greenbrier unconformity.
3. The Greenbrier Limestone thickens southeastward in the study area.

Its seven

members are correlated from the measured outcrop sections in southeastern West
Virginia to their subsurface equivalents in the study area. The oldest Greenbrier rock
in the area is the Hillsdale Member, which occurs in the area east of the inferred
Beckley Fault. The overlying Denmar and Taggard members extend farther to the
northwest but terminate roughly at the east margin of the Rome trough.
northwest only the upper Pickaway to Alderson interval is present.

Farther

Stratigraphic

observation from this study suggests that the basal Greenbrier in northern and
northwestern West Virginia and Pennsylvania probably is younger than previously
thought.
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4. The Mauch Chunk Group also thickens to the southeast.

It is subdivided into the

Bluefield, Hinton, Ravendiff and Bluestone formations in the subsurface of the study
area and these formations are correlated to their outcropping equivalents in
southeastern West Virginia.

The Ravendiff Formation is proposed as an informal

stratigraphic unit for the subsurface.

Its outcropping equivalent, the Princeton

Sandstone, is slightly younger than the majority of Ravendiff Formation but was
deposited on the same subaerial erosional surface, the sub-Ravencliff unconformity.
5. The Lower Pennsylvanian Pocahontas Formation, thickening southeastward, primarily
is confined to the area east of the inferred Summersville fault.

The overlying New

River and Kanawha formations are traced from the Pocahontas basin to the Dunkard
basin, across a hinge zone of great thickness and lithofacies variations. Thickness
variations of the New River Formation reflect not only the regional trend of
southeastward increase in subsidence rate but also the paleotopography, especially
the incised paleovalleys, associated with the sub-New River unconformity.

The

Kanawha Formation thickens rapidly southeastward across the Warfield anticline and
the East-Margin fault. In the area east of the inferred Summersville fault the interval
above the Betsie shale is mostly removed by post-Paleozoic subaerial erosion. The
Charleston Sandstone occurs mainly in the Dunkard basin, the area largely west of
the East-Margin fault. In areas east of the inferred Summersville fault, the Charleston
Sandstone mostly is not preserved due to post-Paleozoic subaerial erosion.
Charleston Sandstone is relatively uniform in thickness throughout the study area.
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The

SEQUENCE-STRATIGRAPHIC ANALYSIS
1. The Upper Devonian Berea to Middle Pennsylvanian Charleston interval in the study
area is subdivided into four unconformity-bounded sequences: sequence 1 (BereaMaccrady), sequence 2 (Greenbrier-Hinton), sequence 3 (Ravencliff-Pocahontas),
and sequence 4 (New River-Charleston).

Establishment of these long-term

Carboniferous sequences is based on the recognition of the sequence-bounding
unconformities, condensed sections and systems tracts.
2. During rapid lowering of relative sea-level (stage A), the study area was primarily
undergone subaerial erosion, and sediment bypass. The sub-Berea, sub-Greenbrier,
sub-Ravencliff,

sub-New River and

sequence boundaries.

sub-“Mahoning" unconformities define the

Most of these unconformities record tectonic influence.

In

terms of flexural models for foreland basins, the sub-Ravencliff and sub-New River
unconformities were probably related to loading-relaxation regime, whereas the subBerea, sub-Greenbrier, and sub-“Mahoning" unconformities were likely associated
with post-orogenic rebound.

A eustatic component seemingly accompanies all of

these unconformities. If this is true, there might be certain relationship between the
global sea-level change and the regional tectonism at the North American continental
margin.

Of the five unconformities, the sub-Greenbrier, sub-New River, and sub-

“Mahoning" unconformities probably experienced prolonged subaerial exposure;
whereas the sub-Berea and sub-Ravencliff spanned relatively short period of time.
3. Erosional patterns on the sub-New River unconformity and thickness patterns of the
immediately-overlying

New

River Formation

suggest two stages

of drainage

development during latest Mississippian to Early Pennsylvanian time in the central
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Appalachians.

Drainage systems of stage 1 were probably established at the

Mississippian-Pennsylvanian transition. Most of the streams developed at this stage
in the study area drained northwestward as tributaries to Rice’s (1984) SharonBrownsville paleovalley system, which flowed southwestward from northwestern
Pennsylvania, through Ohio, to Kentucky and farther south.

The eustatic sea-level

lowering at the Mississippian-Pennsylvanian transition may have been responsible for
this drainage development.

In contrast to stage 1, drainage pattern of stage 2 is

characterized by two south- to southwest-flowing incised-valley systems, the WarfieldBurning Springs and the Gauley Bridge. These systems were likely derived from the
same tectonic event that resulted in the Early Pennsylvanian unconformity at the
Pocahontas-New River transition. A dramatic change in drainage pattern from stage
1 to stage 2 probably indicates reorganization of the central Appalachian foreland
basin. Increased uplifting and expanding of the peripheral bulge (the Cincinnati Arch)
not only produced a regional subaerial erosional surface but also modified the old
drainage systems and created new drainage systems.
4. The transgressive systems tracts of the Berea-Maccrady, Ravencliff-Pocahontas, and
New River-Charleston sequences are characterized by incised-valley fill. The incisedvalleys were filled first with fluvial quartzose sands during stillstand and the following
transgression (stage B), and then mostly with mud as marine influence increased
(stage C). At stage B, incised-valley fill has a high sandstone/shale ratio and mainly is
composed

of

amalgamated

channel-sandbodies,

probably

reflecting

low

accommodation and sedimentation rates. At stage C, marine influence increased and
the incised valleys turned into estuaries with tidal-influenced deposits of lower
sandstone/shale ratio.
328
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5. Length and width of the incised paleovalleys increase from Berea, to Ravencliff and
New River time together with thickness of the incised-valley fill. In the study area, the
Berea paleovalleys (the Gay-Fink and Cabin Creek trends) primarily are filled with
quartz-rich sands and are capped by organic-rich clays (the Sunbury Shale).

The

Ravencliff and New River paleovalleys show downstream decrease in density of
amalgamation and interconnection of channel sandstones.

This trend probably

suggests an increase in subsidence rate toward the proximal foreland basin.

In the

New River paleovalleys, the overall long-term transgression is interrupted episodically
by drop of relative sea level or base level, and is recognized by deepened channel
scours within transgressive deposits.
6. The highstand systems tracts (stage D) are characterized by a coarsening-upward
succession resulting from

progradation

of clastic wedges

due

to increasing

sedimentation and sediment-supply rates. Superimposed on these overall regressive
successions of the highstand systems tracts are higher-frequency transgressiveregressive (TR) cycles marked by marine flooding units. These short-term TR cycles
probably represent sea-level fluctuations caused by glacioeustasy.

Comparison

between the four sequences indicates that marine influence during stage D generally
decreased from the Lower Mississippian to the Middle Pennsylvanian, whereas
occurrence of coal seams increased.
7. Tectonoeustasy (global) and/or tectonic evolution of the basin (regional) are the most
probable

driving

mechanisms

for

the

four

Carboniferous

sequences

(or

supersequences), which range in thickness from several hundred to several thousand
feet and most of them probably span over 15 m.y.. The dominating regional tectonic
controls, however, were entangled with coeval eustasy.
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CONTROL OF BASEMENT STRUCTURES
1. The

basement of the central Appalachian foreland basin was dissected by

discontinuous boundaries (faults or lineaments) into basement sub-blocks.

It

responded to the changing regional tectonic regime with minor vertical displacement
at the basement faults and differential tilting and subsidence of the basement sub
blocks.

Consequently, reactivation of the basement structures affected deposition,

subaerial erosion, drainage pattern, and structural development in the central
Appalachian foreland basin during the Carboniferous.
2. The stratigraphic observations from this study not only recognized influence from the
known basement structures, but also defined several inferred basement faults and a
basement-related anticline. The northeast-trending Beckley and Summersville faults
are inferred basement structures in the area east of the Rome trough. The BurningMann

fault,

a cross-strike basement

lineament,

is supported

by substantial

stratigraphic evidence from this study. The stratigraphic cross sections and isopach
maps

revealed

a

buried anticline,

the

Gauley

Mountain,

within

the

Upper

Mississippian interval. Development of the Gauley Mountain anticline probably was
controlled by the Burning-Mann fault.
3. During the Carboniferous, important basement structures in the study area include the
margin and Interior faults of the Rome trough, the Burning-Mann, Beckley and
Summersville faults, and the 38th Parallel lineament. Not all of these structures were
active and behaved the same way during a certain period and thus influence from
individual basement structures varied with time.
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BASIN EVOLUTION
1.

The Early Mississippian-Middle Pennsylvanian tectonic evolution of the central
Appalachian foreland basin is divided into three periods (A, B, and C).
The Lower Mississippian (period A) in the central Appalachians represents a
period of tectonic quiescence, characterized by post-orogenic rebound of the Acadian
tectonic highlands and adjacent proximal foreland to the northeast. The study area
was influenced by the growing West Virginia dome. The basement tilted slightly to the
southwest. The NNW-trending Burning-Mann fault was the most important boundary.
The Burning-Mann and some west-margin faults moved reversely compared with
Cambrian time, whereas the East-Margin fault was down-to-the-trough.
From Upper Mississippian Greenbrier to Middle Pennsylvanian Kanawha time
(period B), the study area experienced prolonged, multistage tectonic loading and
viscoelastic relaxation associated with episodic Alleghanian orogeny at the North
American continental margin.

In contrast to period A, the foreland basin subsided

increasingly to the southeast.

Northeast-oriented basement faults, for example the

East-Margin fault of the Rome trough, became more active and important, and they
generally display a down-to-the-southeast motion. During period B, the primary hinge
seemingly migrated northwestward with time.
During the Middle Pennsylvanian Charleston time (period C), the foreland basin
probably experienced an episode of post-orogenic rebound of the thrust belt and
adjacent foreland in southern Appalachians. Correspondingly, marine environments
shifted northwestward onto the distal foreland, followed by a tabular clastic wedge of
coarse siliciclastics.
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2

In response to the changing tectonism, the central Appalachian foreland basin
experienced migrations of black-shale basins, depocenters and orogenic source
areas, as well as change in paleoflow direction of the orogenic dispersal system.
From Upper Devonian to Upper Mississippian Greenbrier time, the collision center
shifted southwestward along the North American continental margin, resulting in
southwestward migrations of black-shale basin, depocenter, and orogenic source
area. From Upper Mississippian Greenbrier to Middle Pennsylvanian Charleston time,
the basin center, depocenter and primary hinge migrated northwestward, driven
probably by the approaching emplacements

of overthrust sheets during the

Alleghanian orogeny.
Paleoflow directions of the orogenic dispersal system were generally normal to the
axis of the foreland trough, shifting from northwest during the latest Devonian to
nearly north during the Permian.

In contrast, paleoflow directions of the cratonic

dispersal systems were usually parallel to the axis of the distal foreland toward the
southwest and the south, following the regional slope of the linear foreland trough.
Relative importance of the orogenic and the cratonic dispersal systems varies with
time in a predictable pattern.

In each sequence, the lowstand and transgressive

systems tracts are dominated by the cratonic dispersal systems, whereas the
highstand systems tract is dominated by the orogenic dispersal systems.
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